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Don’t just take your metals for granted—specify the 


properties you need. The Man from Anaconda may 





come up with some very interesting answers. 





normal wind causes flexing of metals. So 
jumpers between coaxial cables and ra- 
diators must be resilient — beside being 
conductors, giving some structural sup- 
port. Ordinary phosphor bronze seemed 
adequate, but there were fatigue failures. 


RCA listed desirable properties of phos- 
phor bronze — added extra-high endur- 
ance, extra-long fatigue life. American 
Brass suggested Duraflex®, Anaconda 
superfine-grain phosphor bronze. RCA 
tried it, found it the answer—at no extra 
cost—specified Duraflex to the manufac- 
turer, Dielectric Products Engineering 
Co., Inc., Raymond, Maine. 


Up where TV broadcast antennas stand, 





To stimulate sales of its top-quality fold- 
ing rule, and to meet Navy specifications, 
Eagle Rule Mfg. Corporation sought a 
metal for rule joints that would resist 
wear and corrosion, and provide the 
proper spring tension. Phosphor bronze, 
which had these qualities in excess of 
needs, cost too much. 


Technical Oil Tool Corp. asked Anacon- 
da to help select the metal for a new 
magazine-type clip used to close surgical 
incisions. The metal had to provide the 
right tension to hold edges together, yet 
open easily—form readily, hold sharp 
die-cut edges, be proved in surgical use. 


TARTING with 93 standard alloys, The American Brass Com- 


pany can make minor variations in composition, fabrication, 
and annealing to provide an almost unlimited number of combina- 
tions of useful properties. When new or unusual problems arise, ask 
for the help of the Technical Dept. in selecting the right metal. For 
such help or a copy of Publication B-32, “Anaconda Copper & 
Copper Alloys,” write: The American Brass Company, Waterbury 
20, Conn. In Canada: Anaconda American Brass Ltd., New To- 


ronto, Ontario, Canada. 


5850 


ANACOND 





Eagle Rule chose Ambronze-420 (88 
Cu, 11 Zn, 1 Sn) because rule joints of 
this alloy met all requirements, with- 
stood 400,000 cycles in wear test (Navy 
required 7000 ). It cost only pennies per 
pound more than yellow brass, much 
less than phosphor bronze. 





American Brass technical specialists sug- 
gested Nickel Silver, 18%-719 as best 
suited to meet all requirements. Auto- 
clip, shown in use above, is the result. 
Incisions are held together with least 
damage to tissues. Surgeons can work 
faster in applying and removing clips. 
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Jungle missionary straightens out shaft problem 


Hazardous passage. Drifting debris, submerge, rocks 
and ever-shifting shoals pose constant threats to this 
missionary. He is Brother Dismas of the M ryknoll 
Fathers, whose frequent missions take hin 


P and 
down uncharted, unpredictable waters deep in the 
jungles of Bolivia. 

There’s no telling what he may run into here. One 
of the menaces is the dead Tajibu or “vegetable iron” 


tree. 


A giant hardwood, the Tajibu dies and topples int, 
the river. The wood is so heavy the whole tree sinks 
And so hard it’s been used in place of bearing meta) 
Imagine what happens when a Tajibu, cartwheeling 
along in the swiftly running current, tangles with the 
boat’s slender drive shaft . . ! It’s virtually impossibje 
to detect one fast enough to avoid being rammed. 











ese 


Man-eating Piranhas and alligators lurk in these jungle rivers, 
but Brother Dismas dives in and removes bronze propeller shaft, 
bent in collision with an unseen Tajibu. With nearest help sev- 
eral days’ journey away, he has no alternative but to attempt an 
on-the-spot repair. 








hats SIRS Ss SER AO nae i 
Riverside ‘“‘shop’’— The bent bronze shaft is first heated over 
an open fire, then placed on a log and hammered straight. This 
primitive repair job has to get him back to his base. “After a 
few experiences like this, I got a bright idea,” says Brother 


Dismas. “I decided to try one of your Monel shafts. 








“Monel shaft arrives ... and was I glad to see it. I’ve found 
that bronze shafts bend too easily in these rivers and steel shafts 
corrode and chew up bearings. We picked up our new Monel 
shaft in an ox cart at the airport and were underway with it in 
record time. Now we have... 








“A sturdy shaft — at last!’ Monel* nickel-copper alloy or an 
other Inco Nickel Alloy may carry you, too, safely through the 
hazardous waters of metal selection. Let our booklet Standard 
Alloys for Special Problems point the channel. The International 


@ Nickel Company, Inc., 67 Wall Street, New York 5, N. Y. 


*Registered trademark 


INCO NICKEL ALLOYS 


NICKEL ALLOYS PERFORM BETTER LONGER 


For more information, turn to Reader Service card, circle No. 452 
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- One 
Ton" ... AT A GLANCE | 
$ into 
sinks, 
neta], 
pn HEAT TREATED TITANIUM SHEET said to withstand stresses inflicted on 
+99 manned aircraft flying at 2100 mph is now commercially available. 
, . The sheet, Ti-4Al1-3Mo-1V, is heat treated to 1600 F by a quick, 
powerful jolt of electricity, then suddenly quenched by hundreds of 
—— gallons of water. The heat treated sheet has a tensile strength of 


190,000 psi. 


A TAC-POLYESTER RESIN THAT WITHSTANDS 500 F continuously and 1000 F 
intermittently is now commercially available. The triallyl 
cyanurate-modified polyester is reported to have excellent 
dielectric properties combined with a radar transparency rating 
about ten times that of conventional polyesters. The material is 
Said to be ideal for radomes and nose cone housings for radar 
equipment on manned and unmanned aircraft. (More details next 
month. ) 








COMPARATIVE RUST RATES have been exactly established for all U.S. 
cities over 10,000 population. It takes three years, the fastest 
rate in the country, for a 28-gage. low carbon, cold rolled sheet 
steel to severely rust in Buffalo and Rochester, N.Y., Erie, 

Pa., and Miami, Fla. Slowest rust rate (more than 15 years) is in 
Tucson, Ariz., and Roswell and Santa Fe, N.M. 


over 
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fter a 
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STATIC-DISPERSING POLYSTYRENE RESINS, with surface resistivity 
values low enovgh to permit static charges to equalize on the 
surface of molded parts, are now available. Dispersion of static 
charges breaks up static patterns introcuced during molding and 
eliminates dust patterns commonly encountered in parts exposed to 
atmospheric dust and dirt. Potential uses for the resins include 
clock housings, displays, furniture drawers, and grilles for fans 
and air conditioners. 





AN IMPROVED METHOD FOR CONTINUOUSLY CASTING METAL STRIPS has been 
developed in England. A nozzle impinges a high speed jet of | 
molten metal onto the surface of a rapidly rotating chill block; 

| the the metal solidifies on the block and is then thrown from 
dard it by centrifugal force. 


‘onal 


f an- 


BETTER ELECTRICAL INSULATIONS FOR WET AREAS can be obtained by 
using newly developed glass—base melumine laminates. Tests show 
the laminates have a dielectric strength more than twice that of 
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conventional laminates after 336 hr immersion in water at 120 F 
The glass=-base laminates, not yet commercially available, are al 
Said to have good craze resistance. (More details next month. ) 


A NEW ALUMINUM EXTRUSION ALLOY is said to produce parts having 
better mechanical properties and surface finish than parts 
made from conventional extrusion alloys. The alloy, said 
to belong to the magnesium silicide group of aluminum alloys, 
can be used to extrude boat masts, tubular furniture, appliance 
trim, ski poles, window frames, railings ani brackets. 


q 


QUARTZ TUBING COMPARABLE IN SIZE TO A HUMAN HAIR is now commercially 
available. According to the producer, the tubing is so small 
that it takes a 50-ft length to hold a drop of water. The tubing 
has tensile strength greater than steel, has good heat and chemical 
resistance, is flexible, and is a nonconductor of electricity. 
It is expected to find use in a diffusion cell for recovering heliun. 


LEAKPROOF HYDRAULIC FITTINGS can be obtained by using a new metallic 
seal that deforms and becomes an integral part of the fitting with 
the application of torque. The seal, made of aluminum, stainless 
Steel or Inconel X, is effective from —360 to 1200 F and from 
0 to 10,000 psi, depending on the material used. 


WIRES AND CABLES CAN BE JACKETED QUICKLY by using a newly 
developed zippered copper tubing. Jacketing is done by 
enclosing wires and cables in the tubing, then zippering it 
Shut on a plastics or metal zipper track. The tubing is made of 
copper foil laminated to vinyl-saturated fiberglass. 


A NEW CLASS OF CERAMIC MATERIALS has been discovered that can convert the 
heat of a burning fuel directly into electricity. They are described 
as “mixed valence compounds of the transition metals." The new 
thermoelectric materials, still in the development stage, can 
operate at temperatures of 2000 to 3000 F. They are reported to 
have thermoelectric efficiencies at these temperatures comparable 
to those of the most promising in 7 rmetallic compound, lead 
telluride, at oe peratu inder 1 














the alloy, « 
use in the Nike-Her« 
prohibit the extensi: 


p rts. has been developed. 
und wave vibrations, 
is expected to find 
es where weight limitations 

ock mounts. 


Turn to page 139 tie more *What’s New in Materials” 
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Clear Color Gets Brush-Off 

Hairbrushes, whisk brooms and 
industrial brushes will probably 
be more colorful with the intro- 
duction of colored nylon brush 
flaments. The colors—beige, aqua- 
marine, pink, blue, yellow and red 
_were chosen on the basis of 
general public acceptance or re- 
jection of colors. 





Epoxy Stops Cars 

A specially formulated epoxy 
resin containing grit is being used 
to make highways and bridges 
skidproof. The material is said to 
stop cars in one-half to three- 
quarters of the distance required 
on plain concrete. 


Injection Molded Shoes 

Plastics shoes that are said to 
be practically indestructible, never 
need a shine, and never need re- 
pairs are being turned out at the 
rate of two pairs a minute in a 
modified injection molding ma- 
chine. The shoes are made of a 
specially formulated PVC resin. 


Paper May Suit You 

Knit paper T-shirts, suits, sport 
coats and dresses may soon be 
draping the well-dressed man and 
woman. The paper garments can 
be sewn, patched, dry-cleaned and 
reused. 


A Golden View 

Electrically heated window glass 
is now available for automobile 
as well as aircraft windshields. 
Such windshields, heated by cur- 
tent carried through a transpar- 
ent film of gold deposited between 
Sheets of glass, are said to stay 
free from ice and mist. 








“The-use of BRASS and other nonferrous powder parts” | | 





For more information, turn to Reader Service card, circle No. 417 
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QUALITY CONTROL 
Iastruments & Tests 





4 quality control system ia ant up to in 





that all material meets our of cist customer's 
Samples from every beteh are 
rrcesning and shen conttdrted 

ren sre alm checked for quatity 





petruments our well cqwigged fab 





Humidity cabinet 
Mooney Phastomoetes 
Scott Tensile Tester 
Onome cabinet 


Materials-Contro! 
Instruments and Tests : 


The Abbe refractometer i¢ osed to check the 
purity af plasticizing wils and x The mi 
cromnpe with its screw micrometer eyepiece 
messures thickness af shin on eudomative and 
wher type atrip, Viecosimeters check viscosity of 
otis, solvents aed coments Metting point appara 
tue end meses check the purity of solide and their 
perticle size An analytical laboratory checks bor 
traves of imperitics which would affect the final 
produnt 


Grades of Sponge Rubber 


The Amerivan Society for Testing Matrish 

4 national techsical suciety ecanposed of pre 
Bucerm, commer eed members of imerested 
groupe sark as sewearch organizations, colleges. 
ln the past fifty years it hae extebliched « 


influence of Heat end Aging 


law A the most frequent questions we recrive 
carcerns the temperatere range of sponge robber 
Wi it tend wo hours wt 275 & month af 
173" FP. steam. heat snd cooling cycles. eb.” 
westans are chitbouk to amewer beosw 
cunditicns i actual ase ave always different. T 
Artain fosthers trformation 
heave fun complete compen: 
s sheet <tock at different times and 





om cat 
temper atares 


High Tempesnince Agung 

The standard seven dave at ISR” PF. teat hae 
fittie effort on our sponge rubber. Therefore, we 
have ram this test for 120) dave a sobd fous 
months in the oven As a work at 153° F. ix 
corsutered the egumabent of six months te a year 
af estusal aging Gt toom tempersiore font on 
posed to sunlight) i can be wen that sponge 
rubber will he serviceable for years wader ner 
mal rom canditrans 

Graph TV chows the change in compression 
aloes this test. The curves ere roughly parallel 

with a change in firmness averaging but # few 
per coat, oevally hereeen 5 and 10 per cent 

At higher tempersiones sponge rubber hardens 
sore sepbliy. For example, 1223 stock at 200 
F.. de shams is Graph ¥, hardens het fittle alter 
twente deve: & femer, but still servinsable after 
farts days. amd, st sixty deys, is practionlly etic 
142 stock sets the seme way 





will have 2 higher reading than thick ia in 
tomsdie: Rearing thew fact in mad, we can aay 
that 1323 stock falls ts Durcaneter “THT” range 
if 24S. LIZ3 averages 1-6), and 1723 fall 
between $5.7 

Many peapie aoe Dureencter “A”. male for 
mechanwal rubdser. and often ak how our wales 
mmpare, Below ts a graph comparing the ter 





Thix comversnan graph ie tet to be comatdneed 
serurstc cm afl stocks as any curface hardness 
tester ev ahuates mudalu~ af lew rloungatian if the 

& taken come duairts am! modules at bow 
elongation plus plastic tow if an interval elapees 


matiog the cmeding mflwencee the result 


Insulation Vatue — Hest 
The weawhetvom vahee of s material mn the ptt: 
erty it of alow mg down the tranxter of 
te mensured 


For this informative 26-page reference 
The B. F. Goodrich Company 424 Derby Place, Shelton, Connecticut 


7 © Oo Oo d r i C h industrial cellular materials 





lenge eurtber of standards and wanderd tea 
methods an simont every type of material We 
provide materia which mest the ASTM spec 


beations recugnised by many of cur custonarss. 
incksding sutumnutve, atrplane aad other large 
manufacturers, ASTM designatinn P loSe44T* 








ia the specifications samber covermg hoth coftuta 
robber testing methods and grudes. This number 
in iteelf means nothing: the properts 
robber are given by the letters and 
the tahin« cd this specification. The 
fexignate the type of rabhe a. R stand 
rubder, evther natural ar aynthetic, wher 

tanre ’ * 

« natura 

Neoprene 

att 

sod by numbers 

boone 





sathex fenters inee page 25° whens apevial qualities 


are reqwrred 
A sapedand test sample dir, | square inch in 
area ard ih thickness, ic used tor testing 


Wher poosible this n cut trea the part itself, but 
if the shape of the part prevtudes this, « standard 

* tant stab ix made from the same compound 
and tented 


“Pormerty Specification D-PIB and test methods 


) 552. 


Compression 


fn compression the degree of firmnes rega 
fates to a greet extent the type of sponge rubbex 
that can be aved fet 8 given application ao it is 
onty naterel thet sponge rubber showid he clans 
fied by ite firmness. This has been done by the 
ASTM which has ext wp xin grades based an the 
force necessary to Compress a sett: ure STOREY 
inwh in area, te 7S per cent of it original height 
We manulacton wr rubber to meet all of 


these pracies. In addition, ee have special com 
pounds to mect the «sfx letter requirements 
such a low temperature. tugh temperature, non 
staining, adheviun, wrathering etc. Thee grade 
for natural rubber) are given bebow, with our 
sheet stacks whick correspond tw them. A mare 
vettsplete bat & found om page 24 





Srecks 1524, 1723 and 1823 contein com 
pounding »gtodivata which add te thes: firmness 
and whi h ave nevessary te make them meet thew 
ASTM clawihicatione These matoriaks harden at 
chevated tropes atgces xed therefare these storks 
will not stand long periads at 200° F. Graph Vi 
shows 1523 after twenty and farty days; 1723 
aod 1423 ave stmilss 





heat im BT. U. (Beitioh Thermal Unit) which 
will flow im ume hour through a square fnot area 
1” im thickness eith a temperstare gredicnt of 
1° FAB. TL. ie the amount of heat necessary 
t raixe ane pound af waster ome degree Fahree 
hess 

Representative samples of sponge rabber have 
crn tested and found te have « K factor of 0.66, 
Thts « hogher than mast ineianng materials and 
evek higher than oer Cell Tite, the non-inter 
creamer cating cel atructure of which @ respon 
sible fur a K factor of ©.20 ta 0.25 


insutation Value — Seund 


Sourd traalation ia» complet ay wry There 
a» ume vatae, Whe the K factor tar 

thon, which tell the whole story. The sound 
shone pt mens crete tent and tr amemsemion ro. 
efscwrest are lech user ip acnmstsc a) measurements 
seid of these the former te probaly more oseful 
a % can be compared with the vabuee 
of many other materists We have had the sound 
abrorption roclscwnt measured far aur 5 





eponge rubber is placed at one 
a sound of dehnite frequency inttadeced af the 
vther. The sound «aves travel through the tube 
ans hit the robber where nome are and 
come are retherted. The refered waves unite with 
the origins) waves and, st certsin points where 
they comet oe phase. reiniorce them and produce 
4 seund of matunem intensity. Where they meet 
meta ghee 6 minimem sound io heard Theee 
proimts are determined electromicatl: and by ase 
ot @ fatrty etmple formate the saund shsorptios 
corthe sent is hgnred 


For oor) >" 1273 thee valves are 


wien one —" 
be] fh. Aon 
S12 asa 
wns nae 
ate ane 
we. SRG 








ASTM COMPREMON TH % oun 
BADK NO LBS FER we & STOCK HO, 
RW iw? +223 
Rit 2 5 1323 
Riz 5 J 1423 
RS > -B 1723 
Ri Lh 7 1823 
RS iv 24 193 


teraphs showing the complete compression 
defiection rurves cf thene atarks are goven below 





A sample disc, ane square inch in area, is cut 
fram every rall af sheet machine stock wr manu 
facture, Thic is tested and graded by ASTM 
stondarde Quahty contro! graphs maintained on 
theewwe texte shone the campresuan, Comprensios-set 
aged compression change. density and thirknew 
These graphe are constantly wotrhed by the Pro. 
duction Departissent to sec thai quality t main 
tarned 





For cord and mohied goods, standard practice 
im the industry ia to prepare ond test a cab of the 
same compound Thix ia wot always conchsive 
and therefore not entirely satiefactory, We have 
teveleged special tents that can be made on the 


hajshed prodwot Few of theme sperval tent 
requirements ere found an the many nrolded 
sterm we make. Automobile parts, such as weath 
erstripping, trumh seals and cowl gaskets are 
texted by applying sufficient force to cumpoes 
a 12" ben Hore rings, biewole seats, 
sponge halle and wach scx given special texts on 
the vomapleted part. the type of test depending on 
the specifie property mast umportant for the 
spplivation 


Compression Set 


Rahber comprensed for an extended period of 
time deca net completely regain ite original 
feeigehs Theis tinse ie bogtet Lcailed Ss canpressicn 
set.” This figure must be kept bow of the rubber 
hoarse vis abalite to fourm @ kee eeel 

We vontioualiy have reyuests from cystomen 
for information as to what set the rubber «ill 


ee mee 
sponge rubber To get bee mformation we hser 


These pages 


and 18 more 
are yours 


for the asking 


For normal eaditortam acoustive! protdheme. 
the costhrient of wend slmorptiion at 512 cprtes 
is commanty sceepted. Sponge rubber is «> op- 
tranalty good at absorbing the higher freqne: crs 

The average of the sound aheorption cox” 
clients for 256, 512, 1026, and BOB cycles per 
second w often umd as the noiwe redaction o 
oficient. to the shove case tt would be 0715 





for us to wae im 

Viny! plastics. due to the stabilizer axed, will 
gereraily be stained through ection of the sulfur 
tn the rubber Sometimes s fete ic hee king om the 
canyl prevents thi 


Our 1420) Sulfur Fore Stach, wes tested by i» 
setting dhiey dines in cite in the rubber, and 
kept at 10° F. for 7 dave At the end of this 
period. there was ac tarnishing and the dimes 
were beaght When oxted in stendard sulfur beas 
ing sponge, Che dimes wore badly ternuhed 

te arktition to tthe compound, we have 1fart 
a tow sults comyuend. esyertally made for being 
covered os im contact with vinyls Sulfer bearing 
sponge often 2 ot disxewkes way! 
eapocistty the hyght colors 10003 either eliminates 
of keeps thin dim mtorstinn to a mera 





bungus Revstanre 


Nataset cutter: ond the common man-made 
rubsbers which we vee are procticalty free trom 
femgal attach When growth arcurs it t2 usually 
due w foreign mater on the sartuce of the rab 
her tt m mot necesery to add fungirsdel mate 
rash to sponge under most ondions 
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is posible for carpet co 
prectionlly any surtace, but on rebel 
thew growth was abdy and ter 





ran comptesaron et text under different condi 
tions of time and temperature on standard ' 
samples. Thinsrr stocks may Rave poures sets 
than these in same caves dur to the thickoes of 
akin oa relanan ti the twtal thickness. However 


vapress the sample ta SO per cent 
© steel platen. At the end af the teat 
22 howe at ISR" F.. hut ala 
ther temperatures. aad for varying 
theme, the sample 


1) minutes, and measured The ger 








n heght te the comycrepeion-set figure 

STM method. the compressionset is 
figured as the per cent of the deflected height 
boat. “This gives a figure just dowhle that of the 
igmat height fost and hss bed ta considerable 





cuntusion. Therefore. if the compransionset is 
given as an ASTM figure, just divide by two t 
art the actual '% heaght bow. 


Room F eengerntace 


Ones stovks show a remarkably low set at ream 
temparature. After being ccmpreeed WIE for $4 
hours, the average set of hundreds of samples ix 
around 2-3 per cout. Graph 1 shes compres 
sten-set curves of twee «of Gut stocks over an cight 
pear period, At the end af cight pears, wt ever 
aged between J and 3S per cent. This should be 
@ coneiMEIng atgument thet these storks contd be 
weed as packets os in compression for an extend 
ed pertod without toving therr sealag propertio: 








Other Agung Tom 


be addrtice to the st ocrimemtiroree | aging tote 
we ae cuygen bomb and ar bomb tests, weath 
erometer os atthe tel weathering tests. and natu 
sal see aging teats The bamh wate are conducted 
81 eteveted Sar pressure or 





uN oxegen preeware Our of: 
ASTAE and ad rai spe iheations for p ond 
teste The wretherumeter is s machine that ub 
jeet the rubber to = spray (rein), @ stream of 
a (wind), and carbon arc fight (sun). In lon 
hours the material m given the equivalent «f ap 


Flexing 


A standard ASTM fen tent i to compress: s 
piece of sponge rubber 750.000 times to 3 per 
cont, The bom in height, after one hour of rem 
shonkd be bees than 1) per cont. We meet the teat 
easily im off stocks, anually having lew than 5 per 
cont boas bren » Ralf million Reues reeulte in ines 


101 Stock jor High Tomporarmre Resinance 


(Avaliable om sypecsal onder, minimum ceqatre 
fart er ewer) 


Der high temperature atork No. 1101 is ox 
eutromety versatvle material Originally, besremee! 
to gtee good heat remstaars ft abe hes ecrelient 
Compersajen set amd ew ature chars ter 


ities By the standard ASTM methad the com 





guide on cellular rubber, its properties and uses, write 
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temperrti oH ip une of the most valuable 
prepertion of sponge rubber. ti means 
stamre, that in vibration damping 


tubber can he compressed 
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Tensile and Elongation 


As sponge tabher is wed in compre 
temic strength ts not the importa on 
®t is with mechanical rubber Howeve 
Cumpmmies still pequire & menverum vaiae in ch 
sprerheations. The temsiles of + 
shotks are extremely good bh x he - 
debhinte hgures bewuuse thin ces due ob 
demaity, have higher tensile an heh 
drosity stacks. However, 192 
pri tensile and SOOO) per crs 

” ‘Tersiten and clongstions 
WSO poi apd BUMAGO for 1 
about the same in tence with lower elongation 
and 1723 has @ higher tensile average with elon 
getion rarming to JOD AO per cre! 

valves ore twkhen af the breaking pos 

ta. & 75 pei ternibe eed HD per com ote 
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neh tee woakd siretch te sia torkes) before 
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wl car sheet stacks mean thet the qorge can be 
stret hed conatdrrably without |-reskioy 


Buremeter 
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has been aend te check the softness of sponge 
rubsbes, Due to ite « ° 
«til used. although generally replies 
a curate methods of treating 
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ther lemnits of rutoteer 

Silicone & sewers! times the price of abbr 
bet cur Silicane Sponges. dae to ite lich! seaght 
js tach cheaper than silicone sold jolie 

Silicone Sponges ix, to come extent. « coer 
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New 
and interesting 
applications First zirconium heat exchanger 


of engineering 


Shown in the top photo is the “world’s first zirconium 

me materials shell and tube heat exchanger.” The 1114-sq ft unit has | 
solid zirconium bonnets and tubes and zirconium-lined | 
tube sheets. The 4%%-in.-i.d. shell is constructed of pol- 
ished type 304 stainless steel. 

According to Pfaudler Co., zirconium was selected 
because of its excellent resistance to concentrated acids | 
and alkalis. However, many problems had to be overcome 
before the unit could be successfully fabricated: zir- 
conium is difficult to cold form, it cannot be welded to 
other metals, and it has an affinity for atmospheric 
oxygen and nitrogen during welding. 

To fabricate the unit, therefore, the material was 
heated to 600-900 F prior to forming. Bonnet heads 
were pressed on a hydraulic, and bonnet shells were 
hot roll formed, machined and welded to the bonnet 
heads. Welding was accomplished with a tungsten arc 
in an inert argon atmosphere within a specially con- 
structed chamber (see bottom photo). 
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Carbide cutting slitters 
replace stainless 


The change from stainless steel to 
cemented carbide for the cutting 
slitters used on paper winding ma- 
chines has resulted in longer service 
life, reduced maintenance and im- 
proved performance. 

As used by Lee Paper Co., each 
of the paper winding machines con- 
tains six steel slitting knives on the 
upper side of the paper running 
through the machine (see photo 
above) and six cemented carbide 
slitters on the underside of the 
paper. (Originally, the lower slitters 
were also made of steel.) As the 
paper races through the winder at 
speeds ranging from 1200-2000 fpm, 
it is cut into strips by the shearing 
action of the steel knives against 
the bottom slitters. The top knives, 
driven by the powered slitters below, 
are set at an angle of 2 to 3 deg in 
relation to the bottom slitters and 
are spring-loaded to provide con- 
stant tension. Each knife overlaps 
its driving slitter by about 3/64 in. 
(see photo at right). 

The previously used stainless slit- 
ters lasted only two or three months 
before regrinding was necessary. 
The cemented carbide slitters not 
only have lasted for more than two 


i0 e 





years, but have increased the life of 
the steel upper knives: the steel 
knives are actually being honed and 
kept sharp in service, with a re- 
sultant 50% increase in service life. 
In addition, when the steel kn‘ves 
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Paper is slit as it rolls through ma. 
chine by... 


- « « cemented carbide slitters },. 
low which drive steel knives above. 


operated against steel slitters, they 
dulled rather quickly, and occasion- 
ally small pieces of steel would wea! 
off or break off and become embed: 
ded in the paper. This problem has 
now been completely eliminated. 








th mi. 


Molded nylon cam 
replaces carbon steel 


The switch from carbon steel to 
molded nylon (see photo at left) for 
carburetor cams used on Edsel auto- 
mobiles has resulted in lower fric- 
tion, increased wear resistance, and 
a 50% saving in manufacturing cost. 

According to Chicago Molded 
Products Corp., use of the nylon 
cam has eliminated three finishing 
steps previously required: harden- 
ing, stamping and assembling. In 
addition, the nylon part is extremely 
lightweight (less than 1 oz), abra- 
sion resistant, corrosion resistant, 
self-lubricating and unaffected by 
oils and grease. 





Largest turbine case made of alloy steel 


The huge snail-like tube shown in the accom- 
panying photo is actually a turbine scroll case, 
said to be one of the largest built in the United 
States. The 24-ft-dia unit is constructed of T-1 
alloy steel and will be used in the Noxon Rapids 
Dam presently being constructed by the Wash- 


St ia | 
I 


ington Water Power Co. 

According to Chicago Bridge & Iron Co., use 
of T-1 instead of flange-quality carbon steel 
resulted in a 50% reduction in plate thickness. 
In addition, the alloy is easily welded and does 
not require stress relieving. 
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Die castings used in electric saw 


Specifications for the electric saw shown above Called 
for light weight, good appearance, and a minimum nun- 
ber of assembly and machining operations, According t 
Ainsworth-Precision Castings Co., five aluminum die 
castings satisfied all requirements. 

The five die castings contain a total of 57 points of 
contact (see photo at left) each of which is held 4 
rigid tolerances to assure perfect fit of parts. To produc 
the motor housing (upper right) split dies were neces. 
sary to meet coring specifications on the bottom of the 
piece. Stippling on handles was “engraved” right jnt; 
the die itself. 

According to Ainsworth, aluminum was selected jy 
preference to zinc because it is lighter in weight and 
does not require finishing. 











Molded phenolic parts now 


The phenolic camera shown in the 
photo below has been coated with an 
epoxy enamel that is said to adhere 
permanently to molded phenolic 


ing 1 hr at 250 F. 
According to Rextron 

Inc., the development of the epoxy 

enamel represents a major break- 


coated with epoxy 


quirements. Now, however, molded 
phenolic parts can be economically 
enameled with almost any color for 
as little as 1¢ per sq ft. 


Finishes, 


parts. The coating is a two-compo- 
nent system based on resin and hard- 
ening agents and is applied in a 
single spray application (see photo 
on p 192). Cure is obtained by either 
air drying 10 min at 140 F or bak- 









through in a barrier that has limited 
the use of molded phenolic for cer- 
tain applications. Previously, design- 
ers who specified color could not 
utilize low-cost phenolic even though 
the material satisfied all other re- 


In addition to color and ease of 
application, the epoxy enamel coat- 
ing is said to provide a hard, chip- 
proof, scuff resistant surface. More- 
over, the coating can be used with 

(Continued on p 192) 







Shell Chemical Corp. 
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RG! EPOTUF....... resi 


‘an ideal resin for potting applications’”’ 
says J. R. McRobert, vice president, Novi Equioment Company 


Engine heat, vibration and road shocks present prob- explains Mr. McRobert. “Eportur is the ideal resin for 
o 
lems that must be met and mastered in auto air condi- our purposes, possessing excellent qualities of adhesion 
tioning equipment. And the Novi Equipment Com- with the exact electrical properties we require.” 

iw pany, Novi, Michigan, has found that an RCI Eprotur Manufacturers everywhere are finding increased use 
‘ epoxy resin plays a vital role in the manufacture of its for Reichhold’s versatile epoxy resins. EPOTUF epoxies 
- Calledg i as . es . , 

m nun. air conditioners — successfully seals a copper coil com- offer rugged strength, corrosion resistance and superior 
rding to ponent in the steel magnetic compressor clutch — insur- bonding properties that have proven perfect for a 
um dell ing dependable performance. variety of applications. 

o 

pints of “The use of EpotuF allows a very close tolerance with And when you do business with RCI, you can count 
held tof a permanent, rigid seal that prevents copper-steel con- on fast, on-time deliveries anywhere in the country. 
produce tact — and the ‘shorting out’ that would thereby result,” Why not let us know your epoxy requirements? 
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CUT THOSE x!*!Idx 
PRODUCTION COSTS 
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PRECISION RUBBER PARTS 


Modern production equipment and years of com- 
pounding experience are combined at Stalwart to 
provide important savings in product design and 
production costs. Extruded, molded, die- and lathe- 
cut parts are mass-produced at realistic prices from 
all types of rubber, including Neoprene, Hypalon, 
Hycar, Buna N and Silicones. Rubber parts offer- 
ing extreme resistance to oils, temperature, abra- 
sion, weather and chemicals are produced to meet 
individual operating requirements. And Stalwart is 
the only producer of extruded and calendered sili- 
cone sponge shapes! Write for complete information. 


TALWART 


Write for 
RUBBER COMPANY 


Bulletin 56-SR-3 
165 Northfield Road * Bedford, Ohio 
Plants in Bedford, Ohio 
and Jasper, Georgia 





8104-SR 


For more information, turn to Reader Service card, circle No. 420 
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Transparent rubber film 


To the Editor: 

I would like to locate a supplier of a film or sheet 
rubber which is as close to colorless and transparent 
(or at least translucent) as possible. Your “File 
Facts,” Dec. ’57, included data on two such films, 
one a PVC-nitrile rubber blend and the other ag 
hydrochloride rubber, but so far I have been unable 
to determine who produces these films. 


JAMES F. MACHEN 
Machen Products Co. 
Toledo 10, Ohio 


Suppliers of PVC-nitrile rubber film include B. F. 
Goodrich Chemical Co. and Visking Co., Div. of 
Union Carbide Corp. A producer of hydrochlorid 
rubber films is Goodyear Tire & Rubber Co., Inc. 


Specifying heat treatments 


To the Editor: 

I am interested in obtaining information about 
recommended practices or standards for specifying 
the heat treatment of both ferrous and nonferrous 
metals. 

I would greatly appreciate hearing about any 
publications that would have data on this subject. 


J. R. WRIGHT 
Development Engineer 
Instrument Div. 


American Optical Co. 
Buffalo 15, N. Y. 


Representative sources include SAE Handbook, 
ASTM Standards, Steel Castings Handbook, Metals 
Handbook. Any large steel company can furnish 
additional data books. 


Materials for a reflector 


To the Editor: 

Your Manual No. 150 “Porcelain Enamels and 
Ceramic Coatings” in the July issue was of great 
interest to us. However, we would appreciate in- 
formation on the following problem. 

We are building a prototype specialized test 
device that requires a 12-in. dia circular, thin metal, 
spun reflector 5 in. deep. This reflector must have 
a dead white diffusing reflector surface, such 4s 
a coating of magnesium carbonate or similar sub- 
stance. 

We have ovens and other equipment in this 
plant, and decided we might do this prototype our- 
selves. The question is how to obtain the flat white 
matte surface with something that will adhere to 
the metal spinning. 

Will you please help us with information 0 
the material to use or put us in touch with some 
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\ I =LINER 
\'! BEARING 











A modified Teflon* dry bear- 
ing in 10 sizes — %4” to 1%” 


ID for immediate delivery! 


T-Liner bearings consist of an outer shell of metal with 
a thin liner of Rulon: 


* require no lubrication 

high resistance to wear 

wide temperature range (—300°F to +.525°F) 
low co-efficient of friction 

unexcelled chemical resistance 

self compensating to pressure and temperature 


*Dupont’s TFE 


ro? ——_—e——— a ee ee ee ee ee ee eee ee eee ee ee ee oe - 
I I 
’ [ ] Send for special sample trial kits: 10 T-Liner bearings of ! 
, any size of your choice — $8.50. ; 
a i 
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THAT SOME FUNCTIONAL 
METAL PART COULD BE 
MADE BETTER OR CHEAPER 
BY ALUMINUM EXTRUDING? 


Bring your idea to specialists in 
adapting aluminum extrusions to 
new functional parts applications. 
G. E. |.’s engineers are ready to 
consult with you, without obliga- 
tion, on one part or a million. 





GENERAL EXTRUSIONS, INC. 
4040 LAKE PARK RD., YOUNGSTOWN, OHIO 






For more information, turn to Reader Service Card, circle No. 395 
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company that would be interested in such a problem? 

The requirements are: 

1. The enamel or ceramic must be fairly hard 
and resistant to normal handling. It will be pro- 
tected to some extent, and will not be handled except 
to replace the 1000-w projection lamps. 

2. The reflector will not be subject to impact, 
For shipping, it will be packed in a fiberglass 
case and protected by rubberized hair padding. 

3. It will not be exposed to acids. 

4. It will not be subject to bending. 

5. It will be subject to heat from projection 
lamp, but ventilated. Probably 300 to 350° F. 

6. It will not be subject to weathering, but 
will be subject to intense light. It cannot be allowed 
to yellow. 

7. It must withstand the firing temperature. 

8. A dead white flat white color and finish 
are required in order to yield great diffusion of 
light possible. 

ROBERT A. TROIDL 

Senior Field Engineer 
Systems Development Corp. 
Dayton 3, Ohio 


Information on aluminum oxide ceramic coatings 
and matte white porcelain enamel coatings has 
been forwarded. 


Cold welding 


To the Editor: 

We are interested in cold welding aluminum 
and/or steel and would like to obtain technical infor- 
mation and also the names of equipment manufac 
turers and fabricators for the process. 


RAYMOND TWIST 
Vice President 
Mechaneers Inc. 
Westport, Conn. 


We suggest contacting Utica Koldweld Div., Kelsey- 
Hayes, Inc., 2409 Whitesboro St., Utica 4, N. Y. 


Blow molded polyethylene 


To the Editor: 

In the July issue of M/DE appeared an article 
entitled “The New Polyethylenes.” One picture shows 
a piece that has been blow molded. Please send us 
reprints of articles on this process or sources of 
information on the details on the process. 


R. W. NELSON 
Nelson Mfg. Co. 
Gaithersburg, Md. 


We have no recent articles stressing process details 
and therefore suggest contacting suppliers listed «t 
end of article. 
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TABLE 1—ROOM TEMPERATURE PROPERTIES OF SOME AMERICAN STEELS 














_ | } 
Designation Composition, % Mechanical Properties 
Heat Treatment Yid | Ten Impact | Reference 
Str, | Str, | Elong Red.of Str 
ASTM Type C Mn Si Cr Mo V 1000 | 1000 |(2 in.),|Area,%\(Charpy), 
psi psi % ft-lb 
11 1 Mo-%4 V 0.2 | 0.58 | 0.26) - 1.04 | 0.21 | 1920 F,4 hr, fcto1740F, Rankin & 
ac; 1200 F, 4hr, fe...) 110 | 140 21 62 . Reich 
P12 1 Cr-'%4 Mo 0.15 | 0.3 0.3 | 08 0.45 Hot finished, stress re- Ritchings & 
0.6 max | 1.25 | 0.66 lieved 1200-1300 F....; 30 60 22 69 | Crocker 
} Pll 14% Cr-Y% Mo 0.15 | 0.3- | 0.5- | 1.0- | 0.45 Hot finished, stress re- iRitchings. & 
0.6 im” |} 43 0.66 lieved 1200-1300 F....| 30 | 60 | 22 69 | Crocker 
P224 2% Cr-1 Mo 0.15 | 0.3 0.5 1.9 0.87 - Hot finished, stress re- \Ritchings. & 
0.6 | max | 2.6 1.13 lieved 1200-1300 F....; 30 60 22 _ 73. | Crocker 
- = - 2 — = — ee - ™ = - —————E - 
6 1 Cr-1 Mo-% V 0.19 | 0.37 | 0.12 | 0.85 | 1.10 | 0.25 | 1920 F, 4 hr, ac.;......| Rankin & 
1200 F, 4hr,fc......) 82 | 134 | 16 43; — | Reich 
‘ ~ . ; — :ayEEREEEEE GEREN Gene es ea = - rer 
7 — (1Cr-1 Mo-%V 06.15 | 0.3- | 0.1- | 0.8- | 0.8 0.184 1925 F, 2 tw, ac.;..... | Ritchings. & 
0.6 0.35 | 1.2 1.1 0.25 | 1300 F,12hr,ac.....| 55 85 | — | 12 | Crocker 
7 TP 347¢ |18 Cr-8 Ni 0.08 | 0.2 | 0.75 | 17-20 I ee | 30 75 35 56 = Ritchings & 
| max | max | Crocker 


4A355-55T. 
eA312-55T; contains also 9-13% Ni, and Cb not less 
than 10 times carbon content. 


*Numbers used to identify curves in Fig 2 and 3. 
bfe furnace cool, ac — air cool. 
eTest values, others specified minimum values. 





Consider Cr-Mo-V Low Alloy Steels 
for 1000F Service 


Stress psi 
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based on German work. Cross-hatching indicates overlap of Cr steels. 
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corbon 
steels 
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Fig 1—Stress-rupture properties of carbon, Cr-V and Cr-Mo-V steels at 930 F, 
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This graph 
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by C. M. Cosman, Metallurgical 
Engineer, Vanadium Corp. of America 


@ Demands for industrial equip- 
ment to operate economically at 
ever increasing temperatures and 
pressures have led to the develop- 
ment of low alloy steels intended 
for such service. Low alloy chro- 
mium-molybdenum steels have been 
used for power plant service 
in this country for a number of 
years. Experimental work has 
shown that adding vanadium to 
this type of steel improves high 
temperature properties. This ar- 
ticle compares the long-time prop- 
erties of chromium-molybdenum- 
vanadium and other low alloy 
steels. 

As yet, the Cr-Mo-V steels have 
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Fig 2—Stress-rupture properties in 
100,000 hr of steels shown in Table 1. 


not received the recognition they 
merit. These steels should be con- 
sidered not only for power plant 
service, but also for applications 
in the chemical and petroleum in- 
dustries in the 950 to 1100 F 
range under conditions in which 
corrosion is not a major problem. 


Wrought steels 

Compositions and properties of 
a few steels developed by the U. S. 
electrical industry are given in 
Table 1 and Fig 1 and 2. The 


Chemical plant: ever higher tem- 
peratures and pressures require con- 
stant re-evaluation of materials. 
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Fig 3—Creep strength for 1% flow 
in 100,000 hr of shown %t 
Table 1. 


steels 


Cr-Mo steels have been standard- 
ized by the ASTM and ASME, 
but the Cr-Mo-V steels have not 
yet been standardized. 

The creep and stress-rupture 
properties of the Cr-Mo-V steels 
are clearly excellent. Creep and 
rupture data vary somewhat from 
heat to heat, but these values are 
considered fairly representative. 

The American data are rather 
limited and were obtained a few 
years ago. Far more extensive 
are some German data that have 
recently become available. In this 
work, tests were run for periods 
up to 16 years on a large number 
of steels. Compositions and me- 
chanical properties at room and 
elevated temperatures of a num- 
ber of the German low alloy steels 
are given in Table 2. Tests were 
made not only on smooth speci- 
mens but also on notched bars to 
determine notch sensitivity. 

To evaluate these results, dif- 
ferences in the performance of 
creep tests in American and Ger- 
man practice must be understood. 
In American practice, creep rates 
are determined by maintaining a 
constant stress for at least 1000 





Composition, % 








C Si Mn P S 
CARBON STEELS 

0.016 | 0.002 | 0.024 | 0.005 | 0.026 
0.13 0.14 0.52 0.044 | 0,040 
0.22 0.24 0.52 0.015 0.015 
0.2 

0.33 0.30 0.64 0.026 0,029 
CHROMIUM-MOLYBDENUM STEELS 

0.19 | 0.32 0.79 0.021 | 0.022 
0.17¢ | 0.25 | 0.39 0.014 | 0.01 
0.32 0.25 0.58 0.015 | 0.028 
0.25 | 0.25 | 0.51 
CHROMIUM-VANADIUM STEELS 

0.13 0.83 0.47 

0.14 1.62 0.54 

0.18 0.23 0.53 0.014 | 0,028 
0.25 | 0.61 0.48 

0.27 0.44 0.56 0.015 0.012 
0.27 0.88 | 0.75 

0.29 | 0.43 | 0.53 

0.28 0.39 0.47 4 
027 | 03 | 0. 


CHROMIUM-MOLYBDENUM-VANADIUM STEELS 








0.15 0.32 0.056 0.031 0.031 
0.21 0.40 0.60 0.011 0.004 
0.21 0.82 0.41 0.010 0.010 
0.21 0.45 0.33 0.014 0.010 
0.22 1.06 0.57 0.015 0.004 
0.30 0.27 0.51 

0.19 0.58 0.72 

0.48 0.20 0.70 0.011 0.020 
0.22 0.38 0.53 0.01 0.01 
0.31 0.37 0.61 

0.32 0.34 0.59 0.091 0.014 
0.31 0.36 0.72 0.286 | 0.016 
"ac — air cooled; oq — oil quenched; 


wq — water quenched. 

‘For creep rate of 10 x 10°*% per 
hr in the 25-35th hr; residual creep 
must not exceed 0.2% after 45 hr. 


hr and measuring the extension at 
regular intervals; usually four 
different stress levels are explored 
at each temperature. The data are 
plotted to obtain creep rates. In 
German practice, creep limit is 
defined as a rate of 10 x 10°% 
per hr under stress between the 
25th and 35th hr of testing, the 
residual creep not to exceed 0.2% 
after the 45th hr under stress. 

The Cr-Mo steels included in 
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Notch: 60 deg; depth of 10%; 
“Length — 10d. 
*Also 0.35% Ni. 
Source: A. Thum and K. Richard. 


Table 2, in conjunction with those 
in Table 1, will give the engineer 
a basis for judging the properties 
of the other steels included in the 
German work. 

Some stress-rupture strength 
bands for plain carbon, Cr-V and 
Cr-Mo-V steels based on German 
determinations (including tests as 
long as 140,000 hr in some cases) 
are shown in Fig 3. The out- 
standing performance of the 


radius at base 1.66% dia of test piece. 


Cr-Mo-V steels shows up clearly. 

In addition to the steels given 
in Table 2, many others have been 
tested, among them compositions 
now recognized as completely un- 
suited for service at 900 F. 
Cast steels 

The influence of nickel on the 
high temperature behavior of 
steel has been the subject of con- 
siderable discussion. In high tem- 
perature castings of the Cr-Mo-V 






Mechanical Properties at Room Creep | Time-Rupture Strength at 930 F, Actual 

Temperature Limit | 1000 psi° Rupture 

at Testing 

Heat Treatment, F* 930 F, 1000 Hr 10.000 Hr 100.000 Hr Time, 

Yid Str, | Ten Str,| Elong | Red. of | 1000 000 
Mo V 1000 1000 (5d), Area, psi! hr 

psi psi % % S N S N S N 
Normalized 25-31 42.7 30-36 | 65-75 5.4 8.7 9.8 5.0 5.8 | (2.3) 25 
Normalized >32.7 | 63-65 >25 12.5 | 14.9 7.3 8.5 | (4.1)) (4.4) 29 
Normalized >37 64-78 >21 5.0 | 114) 13.4 7.1 7.8 | (4.3); 4.6 | 106 
As rolled - 67-80 19.2 | 23.5 | 10.2 | 12.2 5.0 (5.7) 9 
As rolled 57.9 86.9 20.54 54.5 12.8 | 15.6 | 17.1 | 10.0 | 11.4 6.5 7.5 | 100 
0.68 | 0.38 1050 ac, 1170 ac... 70.0 88.6 14 64 23.4 | 46.8 | 49.8 , 32.7 | 32.7 | 17.0 | 17.0 77 
0.92 | 0.56 1090 ac, 1290 ac... >43 64.8 >22 >22.8 | 57.5 | 56.8 | 52.6 | 48.3 | 22.8 | 21.3 83 
0.95 | 0.26 1560 wa, 1120 ac 79.6 97.8 23.2 68 22.8 | 37.6 | 52.6 | 24.2 29.8 > 16.3 |(17.0); 54 
113 | 1.11 1800 ac, 1180 ac... 94.7 112.2 20.2 69.7 36.9 | 54.0 | 51.2 | 35.5 30.6 22.7 | 17.8) 130 
1.64 | 0.26 |1800 ac, 1290 ac 62.6 88.0 25.5 73 24.2 23.5 | 26.3 | 18.5 | 18.5 | 14.2 |(12.8) 17 
1.63 0.32 {1920 ac, 1380 ac. . 56.6 84.2 32 74 24-26 | 22.8 | 25.6 | 15.6 | 128 (10.0); — | 13 
1.50 0.34 {1740 ac, 1380 ac... 60-61 80-81 224 13 20-21 | 29.9 | 33.4 | 22.0 | 22.8 | 16.4 |(14.2); 110 
1.10 | 0.03 | 0.22 |1830 oq, 1310 ac 102.4 119.4 20 5] 249 | 34.8 | 29.9 | 23.5 | 20.6 | 17.1 | 14.2 43 
1.17 0.46 (1720 og, 1290 ac 112.3 123.6 21.8 72 34.1 | 37.0 | 22.0 | 23.5 |(12.8) | (14.2) 15 
1.45 0.02 | 0.57 |1920 og, 1330 ac 113.8 128.0 16 60 25 32.0 | 29.2 | 19.9 | 185 | 12.8 | 11.4 27 
1.50 0.55 /1870 ac, 1330 ac... >71 122.3 >16 32.3 | 41.2 | 41.2 | 44.1 | 38.4 |(17.1)| 12.8 14 
1.26 1.03 |1920 og, 1360 ac.... 103.8 116.6 18.5 66 34.8 | 41.2 | 44.1 | 32.7 | 35.5 | 21.3 | 24.2 37 
1.3 1.1 /|1960 ac, 1200-1290 ac 85.3 | 114-135' >14 — 45.5 | 34.8 | 35.6 | 27.0 | 26.3 |(19.9); 51 
1.09 | 0.22 | 0.22 :1760 og, 1290 ac 93.1 107.6 21 66.5 21-23 | 45.5 | 48.3 | 39.1 | 24.9 |(30.6); — 22 
1.10 | 0.68 | 0.07 |1600 og, 1310 ac 83.5 99.7 17.94 72.8 37.0 | 40.5 | 46.2 | 25.6 | 32.0 | 17.8 | (21.3) 32 
1.10 | 0.77 | 0.11 |1600 0g, 1260 ac 101.1 113.9 16.04 69.8 45.5 | 51.9 | 583 | 41.2 | 42.7 | 29.2 | 27.0 89 
1,00 | 1.01 | 0.07 |1740 ac, 1290 ac. 105.2 119.4 12.54 65.2 56.9 | 65.4 | 49.8 | 44.1 | 34.1 | 284) - 38 
1.11 | 1.30 | 0.15 (1600 oq, 1180 ac 109.5 127.4 10.94 56.3 50.0 | 49.8 | 55.5 | 36.3 | 39.8 | 24.9 | 28.4 49 
1.61 | 1.28 | 0.10 (1740 ac, 1260 ac.. 105.2 129.4 18.84 65 444 | 498 | 55.5 | 37.0 | 34.8 | 26.3 | 21.3 | 140 
0.95 | 0.73 | 0.21 |1740 og, 1200-1240 ac. >85.3 | 114-135) >15 - 56.9 | 64.0 | 49.8 | 46.9 | 34.1 | 29.9 | 25.6 35 
2.31 | 0.42 | 0.26 |Treated............ 110.9 | 162-185 ; 48.3 | 58.3 | 61.1 | 45.5 | 39.8 | (32.7)) — 20 
1.62 | 0.43 | 0.39 {1740 og, 1260-1270 ac. 114-119 - - 49.8 | 45.5 | 51.2 | 32.7 | 33.4 | 23.5 | 18.5 120 
2.58 | 0.26 | 0.48 1560 wq, 1110 ac - 176.3 16.4 60 27.3 | 50.5 | 50.5 | 27.7 | 27.7 | 14.9 | 14.9 | 125 
2.82 | 0.30 | 0.45 |1560 wa, 1110 ac >142 | 156-185; >12 | 58.3 | 59.7 | 32.7 | 29.2 —- - 18 
2.32 | 0.33 | 0.43 |1560 wa, 1110 ac >142 | 156-185); >12 45.5 | 56.9 | 27.7 | 348 — | al 
‘Strength based on initial cross section at room temperature. Extrapolated values in parenthesis. S = smooth, N = notched test pieces. 


or Cr-Mo types, nickel was _ be- 
lieved to favor embrittlement. 
This effect has been re-examined 
in some recent Swiss work and 
reported by Felix, who compared 
Cr-Mo and Cr-Mo-V steel castings 
with and without nickel. Compo- 
sitions are shown in the notes to 
Fig 4. The steels were oil hard- 
ened from 2012 F and tempered 
6 hr at 1330 F; both smooth and 
notched test pieces were tested at 
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Why New Steels Were Developed 


Operators of steam power 
plants are continually aiming 
to attain higher operating tem- 
peratures and with 
correspondingly greater operat- 
ing efficiency. For example, the 
average power station in the 
United States consumed 6.5 Ib 
of coal per kw-hr of generated 
power in 1902, and the best 
used 3.5 lb; in 1957 the respec- 
tive values were 0.93 and 0.75 
lb. Over the same _ period, 
throttle steam temperature of 


pressures 


ference in behavior between 
carbon and low alloy steels be- 
comes particularly noticeable at 
temperatures exceeding 1000 F. 
In the early ’30s, a 10,000-kw 
turbine was operated for almost 


three years (26,453 hr) at a 
steam temperature of 1000 F; 
upon examination after com- 
pletion of the test the parts 
were found generally in good 
condition, with small creep 
movement. Subsequently, tests 


were performed under 380 psi 


the most modern equipment rose steam pressure at 925 and 
from 450 F to about 1100 F. 1100 F for 400 to 1600 hr. 

As steam temperatures and Weight iosses and _ hardness, 
stresses increased, designers met metallographic features and 
the materials proklem initially corrosion trends were deter- 


mined on a wide range of steel 
compositions. At 925 F carbon 
and alloy steel exhibited only 
slight differences, but at 1100 F 
there were marked differences: 
corrosion of the carbon steel 
was a constant function, increas- 
ing in severity with time, 
whereas the alloy steels showed 
ultimately a decreasing rate of 


by using standard materials and 
increasing the thickness of 
stressed parts; later they speci- 
fied high alloy steel composi- 
tions. Cost considerations led to 
the development of economical 
low alloy steels, and such steels 
as the Cr-Mo and Cr-Mo-V 
types were proposed. 

Service tests indicate the dif- 








havior is 
understood, means of correction 
have been developed. Effects of 
aluminum 
counteracted by the addition of 
suitable amounts of vanadium, 
chromium or 
steels containing 1.0 chromium, 


corrosion. 

Some years later, as the re- 
sult of a steam line 
failure at the Springdale power 
station near Pittsburgh, it was 
found that aluminum-deoxidized 
fine-grained steel has a tendency 
to precipitate graphite in the 
zone subjected to heat penetra- 
tion caused by welding, precipi- 
tation occurring after exposure 
to temperatures above 900 F 
for over 10,000 hr. Although the 
mechanism underlying this be- 
still not completely 


service 


deoxidation can be 


both. Low alloy 
1.0 molybdenum and 0.25% va- 
nadium, or 1.0 chromium, 0.50 
molybdenum and 0.25% wvana- 
dium appear to be immune to 
graphite formation at high tem- 
peratures and to offer excellent 
possibilities for service. 








able effect from the nickel content 
in a range of 0.5 to 1% nickel. 


1020 F. The test ran up to 20,000 
hr without showing any unfavor- 
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Fig 4—Stress-rupture properties of cast Cr-Mo and Cr-Mo-V steels at 1020 F. 


COMPOSITION OF CAST STEELS: 











Cc Si Mn Cr Mo Ni Vv 
Cr-Mo Steel Castings ba 13 == tet _ x 
0.11 0.34 0.50 0.67 0.87 tr tr 
0.12 0.35 0.53 0.52 0.83 0.22 tr 
0.11 0.40 0.63 0.54 0.88 0.54 tr 
0.12 0.37 0.62 0.57 0.82 0.81 tr 
0.11 0.44 0.56 0.54 0.90 1.55 tr 
Cr-Mo-V Steel Castings 
0.11 0.34 0.55 0.64 0.82 tr 0.25 
0.10 0.47 0.55 0.54 0.83 0.49 0.24 
0.11* 0.438 0.64 0.52 0.83 0.62 0.24 
* Also 0.36% Cu, 
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Fig 4 shows the superior per- 
formanance of the Cr-Mo-V steels 
investigated by Felix. These 
values are for smooth test pieces. 
Notched Cr-Mo specimens gave 
slightly better values than the 
smooth test pieces; linear extra- 
polation indicated a 100,000-hr 
rupture strength of 8500 psi at 
1020 F. 

For Cr-Mo-V steels, the perform- 
ance of unnotched and notched 
test pieces was in much closer 
agreement. The 100,000-hr rup- 
ture strength for the Cr-Mo-V 


steels is about 15,000 psi at 
1020 F. 
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Alloy Ductile Irons 


Promise Better High Temperature Strength 
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Temperoture, F 


Creep up to 1000 F is shown for a molybdenum 
iron (A) and a nickel-copper iron having a phosphorus 
content higher than normal (B). 

At 800 F and 25,000 psi, iron A starts third-stage 
creep after about 1600 hr, indicating that the safe 
working load would be somewhat less than 25,000 psi 
for stable long-time service. An iron containing less 
molybdenum (0.24% instead of 0.8%), though less 
creep resistant than iron A, nevertheless had twice 
the creep strength of low alloyed irons. 

Creep behavior of iron B 210-fold 
improvement over low alloyed irons. Third-stage creep 
started after 3500 hr at 800 F; stress-relieved speci- 
mens had slightly higher creep strength than the 
annealed specimens represented here and had _ not 
entered the third stage of creep after 5650 hr. At 600 F 
(not shown) small amounts of first-stage creep occurred 
at 30,000 and 40,000 psi, but creep rates were essentially 
zero after about 1800 hr; thus yield strengths were 
more significant than creep at 600 F. 

Results of other tests on iron B: Stress to produce 
rupture in 1000 hr was 27,000 psi at 800 F, 7500 psi 
at 1000 F. Short-time ultimate strength was 70,000 psi 
up to 600 F, then decreased to about 35,000 psi at 1000 
F, Short-time yield strengths diminished more 
gradually—from 55,000 psi at room temperature to 
82,000 psi at 1000 F. 

Work on alloys similar to B showed that creep 
resistance can be significantly improved by keeping 
the phosphorus content of ductile iron at about 0.09% 
instead of the customary lower level. Ductility is not 
excessively impaired. 


represents a 


Adapted from a paper by R. D. 
Schelleng and J. T. Eash, Re- 
search Laboratory, International 
Nickel Co., Inc., given before 
the American Society for Test- 
ing Materials, June ’57. 


A report on several experimental alloys 


AUSTENITIC IRONS| 
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Stress for Creep Rate of ( Ixl0-*% per Hr ), psi 


3000 | £- 35Ni, 3Cr | 7" 
|F-20Ni, 2.4Cr me 
2000 | + G- 35 Wi, 2.6 Cr, 0.75 Mo (shown below) 
H-30Ni, 3Cr (shown below) | 
1000 1100 1200 1300 1400 


Temperoture, F 


Creep up to 1300 F is shown for two nickel- 
chromium (E, F) and two nickel-chromium-molyb- 
denum (C, D) irons, The molybdenum-containing irons 
have the higher creep strength. Note similarity to 
creep properties of cast 18-8 stainless steel. 
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stress - rupture 
strength in both 
cases. At 1100 F, adding 0.7-1% molybdenum to nickel- 
chromium irons raises 1000-hr rupture stress by 6000 
psi. Raising nickel content from 30% to 35% provides 
another increase of 1500-2000 psi. 

Results of other tests on iron F: Short-time ulti- 
mate strength decreased gradually from about 60,000 
psi at room temperature to 48,000 psi at 800 F, then 
fell off to 20,000 psi at 1400 F. Elongation increased 
from 10% at room temperature to 15% at 1400 F. 

In alloys J and K, silicon content has been boosted 
to 5.6% instead of the customary 2%. These silicon- 
containing irons would have much better corrosion 
resistance than the other irons but, as shown here, they 
have considerably lower 1000-hr rupture strength in 
the 1100-1300 F range. 


Temperoture, F 
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Here are some of the newer uses 


for vinyl-metal laminates .. . 









Columbus Coated Fabrics Corp. 


: 
| 
i 

~~ 


Arvin Industries, Inc 





Electrical products—This GE television cabinet, Motorola 
radio housing, and Arvin electric heater screen are typical 
applications of vinyl-metal laminates in electrical equipment. 
The laminates have also been used to decorate and protect 
exteriors of air conditioners, business machines, dehumidifiers, 
dictating and vending machines, refrigerators and _ phoxo- 
graphs. 





Columbus Coated Fabries Corp. 


An up-to-date look at 
Vinyl-Metal Laminates 


They provide... 


© High decorative appeal 

© Strength and light weight 

@ Resistance to wear and abrasion 

@ Resistance to most chemicals and corrosion 
@ Kase of fabrication 


by Robert J. Fabian, Associate Editor, Materials in Design Engineeri’'/. 
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@ The development of new appli- 
cations for vinyl-metal laminates 
appears to be limited only by the 
imagination of the _ designer. 
Starting from a few experimental 
products just a short time ago, 
applications have developed so 
rapidly that it is hard to keep 
abreast of new developments. The 
purpose of this article is to give 
the designer an up-to-date report 
on laminate properties, useful de- 
sign and fabrication data, and 
some suggestions as to where 
vinyl-metal laminates can be used 
to advantage. 
Properties of laminates 
Appearance — Probably the 
most noteworthy charactertistic 
of vinyl-metal laminates is their 
outstanding appearance. As shown 
in the accompanying photographs, 
vinyl laminates enable the de- 
signer to obtain a whole new 
variety of finishes that could not 


Columbus Coated Fabrics Corp. 


Columbus Coated Fabrics Corp. 


be obtained previously. The num- 
ber of textures and colors that 
can be produced is almost un- 
limited. Typical of the textures 
now being produced are leathers, 
textiles, wood grains, high gloss 
metal finishes, non-reflecting matte 
finishes, and marbleized finishes. 
Many of these finishes are pro- 
duced by photographic techniques 
and can be distinguished from 
original surfaces only after a 
very close inspection. The leather 
finishes, in particular, are so 
authentic that in some cases they 
can only be detected by smelling 
the material. About the only fin- 
ish that cannot currently be pro- 
duced is a highly polished one. 

All of the available textures can 
be produced in just about any 
color. Resistance to fading de- 
pends on the pigments used. Al- 
most all colors have outstanding 
fading resistance for interior ap- 





Masland Duraleather Co. 


Transportation equipment The photo at top left shows the 
extensive use of laminates in the interior of the 1958 Ford 
Thunderbird. Illustrated are the console panel, instrument panel 
extensions, window garnish moldings, seat side shields, bucket 
seat moldings, package tray and tray covers. Bottom left is the 
vinyl-metal cabin paneling of the new Boeing 707 jet transport 
which combines decorative appeal with high strength and resist- 
ance to marring. Photo above shows how a vinyl-metal laminate 
is used on deck of new aluminum outboard motorboat. Note 
use of matching trim on seat cushions. 


PROPERTIES OF VINYL LAMINATES 





PHYSICAL AND MECHANICAL PROPERTIES 


Specific Gravity (vinyl) 1.33 to 1.38 
Max Rec Svc Temp, F . 200 
Dielectric Strength, v/mil .900 


Moisture Absorption (ASTM D570). . Negligible 
Volatility Loss (ASTM D1203-52T), %.1 (max) 
Abrasion Resistance*, % wt loss. . 0.1 


CHEMICAL RESISTANCE 


15% Hydrochloric Acid (150 F, 30 days). . OK 
25% Phosphoric Acid (150 F, 30 days) .OK 


15% Sulfuric Acid (150 F, 30 days) ...OK 
Chromic Acid (150 F, 30 days). . OK 
10% Acetic Acid (150 F, 17 days). . OK 
10% Lactic Acid (150 F, 17 days).........OK 


Ethanol (150 F, 17 days) ... SI shrinkage 

Mineral Oil® (210 F, 70 hr)... ......St loss in 

elong but no swelling 

10% Caustic Solution (150 F, 30 days).... .OK 

Distilled Water (150 F, 30 days)...........0K 

Alcohols (70 F, 14 days).................0K 
Carbon Tetrachloride (70 F, 1 day) 

Severe swelling 

... Severe swelling 

and dissolving 


Ketones (1 day) 





"Fed Spec L-P-406B, Method 1091.1, 1000 
revolutions, 1000-gm load, CS-17 wheel. 
bASTM oil No. 38. 
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plications. However, some colors 
(pastels in particular) fade quite 
badly when used outdoors. Many 
tests are currently being con- 
ducted on fading resistance and 
if there is any question on this 


point the laminate 
should be consulted. 
Chemical resistance—The high 
molecular weight polyvinyl chlor- 
ide resins used in vinyl laminates 
are inherently chemically stable. 
However, some types of vinyl 
films are given a clear protective 
coating of up to 2 mils for added 
resistance to corrosion, staining, 
abrasion and handling. The re- 
sistance of coated vinyl laminates 
to a number of severe chemicals 
is shown in the accompanying 
table. In addition to these chemi- 
cals, vinyl laminates are not 
stained or otherwise affected after 
48-hr exposure to such common 
media as petroleum, alkalis, citric 


producer 


acid, Clorox, ammonia, milk, 
animal oil, vegetable oil and 
greases. 


Vinyl laminates have also suc- 
cessfully withstood overnight ex- 
posure to lemon and orange peel, 


Columbus Coated Fabrics Corp. 


coffee, tea, banana peel and 
ketchup. Some staining, however, 
has been encountered with vine- 
gar, spinach, red food dye and 





Luggage and carrying cases [)s<¢ 
of vinyl-aluminum and _ vinyl-mug- 
nesium laminates provides «an 

tremely durable and attractive struce- 
ture for luggage and gun cases. Sim- 
ilar laminates have been used for 
musical instrument and typewriter 
cases, and for fishing tackle boxes. 









Masland Duraleather Co. 





mustard. Laminates can also be 
damaged by lacquer solvents and 
chlorinated solvents; ~ however, 
these materials would not nor- 





Vinyl-metal laminates are 
produced in six basic steps: 1) 
metal preparation, 2) applica- 
tion of adhesive, 3) solvent 
evaporation, 4) heat reactiva- 
tion, 5) vinyl application, and 
6) cooling. 

Metal preparation usually con- 
sists of treatment in an alkali 
cleaner followed by the appli- 
cation of an amorphous chemical 
conversion coating to promote 
adhesion. A phosphate or chro- 
mate conversion coating is used, 
depending on the base metal. 

After the conversion coating 
is rinsed and dried, a thermo- 
setting adhesive containing or- 
ganic solvents is applied by 
spray or roller coating. For ul- 
timate bond strength the adhe- 
sive must be applied in a smooth 
coat at a dry film thickness of 
0.3 to 0.7 mil. 





How Laminates Are Made 


After the solvents are evap- 
orated the adhesive is activated 
by heating it to 375 to 410 F. 
As soon as this temperature is 
reached the vinyl sheeting is ap- 
plied by roll pressure at about 
25 to 60 psi. After the film is 
bonded to the metal the laminate 
is quickly cooled with a water 
bath or spray to a temperature 
below 150 F to prevent damage 
to the vinyl. 

Composition of the vinyl] film 
is of vital importance in the 
production of laminates. A semi- 
rigid quality vinyl is generally 
used. Also, it is particularly 
important that the optimum 
amount of non-migratory plas- 
ticizer be used; sufficient plas- 
ticizer must be present to make 
the sheet flexible enough to 
withstand drawing and forming 
operations. 
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Household products Vinyl-metal laminate on this Samsonite table 


tp is decorative and resistant to marring, burning and staining. 


ese properties are also used to advantage in. such diverse household 


ducts as wastebaskets, food and drink coolers, food trays, clothes 


ngers, and folding chairs. 


Columbus Coated Fabrics Corp. 








mally be encountered in service. 

Generally, the exposed edges of 
laminates do not present any cor- 
rosion problem. However, if se- 
vere corrosion is expected edges 
can be protected with a cadmium 
or zinc plate or a vinyl-base paint. 
The vinyl paint will not support 
combustion but is susceptible to 
staining by dyes, nicotine and 
some foods. 

Moisture and weather resist- 
ance—V inyl-metal laminate panels 
have been exposed for 1000 hr 
te 100% RH at 160° F with no 
sign of adhesion failure or blister- 
ing. Also, laminates exposed to 
intermittent water spray at am- 
bient temperatures have shown no 
deterioration after one year; 
wherever minor absorption did 
occur it caused only a slight color 
change and loss of gloss. 

Laminates have _ successfully 
withstood prolonged exposure to 
industrial atmospheres and accel- 
erated weathering tests. Some 
laminates have a tendency to 
lose reflectance and to chalk and 
discolor slightly after exposure. 
Consequently, the laminate sup- 
plier should be consulted before 


selecting a laminate for a parti- 
cular outdoor application. An in- 
dication of just how well lam- 
inates can perform outdoors is 
the fact that they have been suc- 
cessfully used on store fronts for 
several years and are now being 
used for exterior building sheath- 
ing in Europe. 

Abrasion and wear resistance— 
Vinyl-metal laminates have out- 
standing abrasion and wear resist- 
ance. This has been demonstrated 
by the successful use of laminates 
in luggage, television and radio 
cases, and flush doors. In addi- 
tion to the data cited in the table, 
wear tests using a Taber Abrader 
(CS-10 wheel) have shown that 
it takes over 2,000 revolutions to 
wear through 1 mil of a vinyl 
laminate. 

Heat resistance—In _ general, 
the maximum recommended oper- 
ating temperature of vinyl lam- 
inates is about 200 F. Vinyl- 
metal laminates have shown no 
loss of adhesion and no tendency 
to delaminate after exposure to 
150 F for 600 hr. Laminates ex- 
posed to 210 to 250 F will not 
show any surface change unless 














~ 


Building applications This Brusse!s 
theater ticket booth typifies the wide- 
spread use of vinyl-metal laminates fo 
outdoor applications in Europe. Similar 
laminates have been used on _ store 
fronts and counters, wall paneling, of- 
fice partitions, and doors and cabinets. 


some pressure is applied to the 
surface while it is hot. 
Available forms 

In general, any ferrous or non- 
ferrous base metal can be used in 
a vinyl-metal laminate. However, 
the three most common metals in 
use today are cold rolled steel, 
aluminum and magnesium. A steel 
base is usually selected where 
strength and low cost are domi- 
nant design factors. Aluminum is 
used where lightness and/or cor- 
rosion resistance is required. Mag- 
nesium is usually used only where 
extreme lightness is required 
(e.g., luggage and carrying cases). 

Any of these base metals can 
be laminated with vinyl on one 
or both sides. Ordinarily, a sin- 
gle side laminate is sufficient for 
product exteriors. However, a 
double side laminate may be re- 
quired if the reverse side of the 
part must have special properties. 
For example, luggage is some- 
times provided with a vinyl layer 
on the inside for appearance and 
added durability. Also, television 
cabinets have been provided with 
a vinyl interior layer to provide 
electrical insulation. 


Columbus Coated Iabrics Corp. 
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The reverse side of a laminate 
can also be provided with a wide 
variety of organic finishes or 
electroplates. The type of finish 
selected depends on the end use 
of the product. For added deco- 
rative appeal and resistance to 
rust and corrosion, reverse sides 
of steel laminates can be readily 
plated with zinc, chromium, cop- 
per, cadmium or nickel without 
damaging or discoloring the vinyl 
layer. An example is the reverse 
side of the small portable radio 
shown on page 98 which has been 
zinc plated. 

A vinyl film of 10 to 15 mils 
has proved quite satisfactory for 
most applications. However, films 
as thin as 4 mils and as thick as 
25 mils and higher are available 
if required. Thickness of the base 
metal depends on the structural 
requirements of the application. 
The practical laminating thick- 
nesses for steel are 0.012 to 0.06 
in., for aluminum 0.016 to 0.125 
in., and for magnesium 0.016 to 
0.081 in. Sheets are available in 
sizes up to 52 x 120 in. and larger. 
Also, coil stock in 40-in. widths 
is available in almost any desired 
length. 


Shaping the laminate 

Drawing and forming—Exist- 
ing dies can be used to deep draw 
or die-form a vinyl-metal laminate 
if the gage of the metal is re- 
duced to compensate for the added 
thickness of the vinyl. Usually a 
reduction of one gage in metal 
thickness is adequate, since the 
vinyl will compress up to 40% 
during forming. For example, if 
the capacity of an existing die is 
20 ga. (0.036 in.) it will accom- 
modate a laminate with a metal 
thickness of 22 ga. (0.030 in.), 
which is the next lightest gage. 
This means that the vinyl can be 
compressed to a minimum thick- 
ness of 0.006 in. during forming. 
Thus, the maximum thickness of 
the vinyl that can be used in the 
laminate is 0.010 in. (0.010 in. x 
60% = 0.006 in.). 

The maximum draw that can 
be obtained is generally limited 
by the forming properties of the 
base metal. Draws that can be 
made in one operation are satis- 
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factory. However, it is not pos- 
sible to anneal the metal and re- 
draw. Corner radii on draws 
should be large enough to permit 
satisfactory drawing without tear- 
out. A typical example of the kind 
of draw that can be produced is 
a part of 22-gage steel with a 
0.014-in. vinyl layer which can be 
successfully drawn to a depth of 
4 in. The corner radii in this case 
are 4 in., and the maximum area 
at the upper end of the draw is 
41, x 3% in. 

Any standard lightweight die 
lubricant may be used; however, 
water-soluble or silicone-base lub- 
ricants are recommended. Slip 
sheets of heavily waxed paper 
have also been used successfully. 
An unleaded gasoline, mild deter- 
gent or power spray wash is 
recommended for removing any. 
heavy grease on the laminate. 
Trichloroethylene vapor degreas- 
ers or chlorinated solvents are not 


recommended because of their 
adverse effect on the laminate 
bond. 


Other shaping operations—In 
general, vinyl-metal laminates can 
be processed on all standard metal 
forming machines. Typical forms 
that can be obtained include a 
Pittsburgh lock, a 90-deg crimp 
bend, a 180-deg bend, a double 
Ogee roll, and a crimp roll. In 
addition, some metal spinning op- 
erations can be performed with 
aluminum laminates. 

A vinyl-metal laminate will 
withstand normal cutting and 
shearing operations without dam- 
age. Whenever possible the vinyl 
side of the laminate should be 
exposed to the cutting edge or 
shearing blade of the tool. (Burr- 
ing of the vinyl can occur if it is 
placed away from the cutting 
edge.) When shearing a double 
vinyl laminate, the side of the 
laminate with the thinner vinyl 
film should be away from the 
shearing or cutting edge. 
Fastening the laminate 

Mechanical fastening — Vinyl- 
metal laminates can be readily 
fastened with conventional sheet 
metal screws, bolts, rivets, lock 
nuts and speed nuts through 
drilled or pierced holes. They can 





also be tastened by = stands q 
crimping and lock seamj 
methods. In general, brazing a) 
soldering do not produce y; 
strong joints and are used o 
in a few isolated applications. 

W elding—One of the most 
nificant developments in vii 
metal laminates is that they can 
now be fastened by welding. A 
resistance welding technique has 
recently been developed which can 
produce a high strength weld on 
the back of a steel laminate with- 
out indenting or burning the viny] 
or affecting its bond. The new 
technique involves indirect pro- 
jection welding with a magnetic 
force-type resistance welding ma- 
chine. It has proved to be the 
only really satisfactory method 
for welding studs, reinforcing 
ribs, brackets, etc. 

Welding is accomplished by 
using two copper alloy electrodes 
that contact the work pieces from 
the same side. One electrode con- 
tacts the piece to be welded which 
is placed against the back of the 
vinyl-clad sheet, and the other 
electrode contacts the steel back 
of the vinyl-clad sheet itself. In 
this way the current passes from 
one part to the other without 
passing through the vinyl clad- 
ding and without either electrode 
touching the vinyl. 

The magnetic force-type resist- 
ance welding machine _ differs 
from other resistance welding 
machines in that the pressure, or 
welding forging force, is activated 
electrically rather than mechan- 
ically. Electrical activation per- 
mits a very short weld time, or 
heat-on period, which is perfectly 


synchronized with the forging 
force. 
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The above graph shows how 
five principal aluminum = sand 
casting alloys react to repeated 
tensile impact. To date, little 
data have been published on the 
impact resistance of these mate- 
rials. However, this type of in- 
formation is especially important 
in many designs where impact 
forces result from rotating or 
reciprocating motion. 

Alloy ratings differ at 
high and low energy levels 

Note especially that the alloys 

with the highest single-blow im- 





pact strength do not necessarily 
have the best resistance to re- 
peated impact. The graph shows 
that the best single-blow tensile 
impact strength is provided by 
alloy A, which requires roughly 
75-80 ft-lb to produce failure. 
Alloy B is next in order of 
single-blow impact strength, re- 
quiring roughly 50-55 ft-lb to 
produce failure. The remaining 
alloys are grouped in a range of 
about 25 to 30 ft-lb to produce 
failure in a single blow. 

As energy per blow decreases, 





the number of blows required to 
produce failure increases. De- 
spite the lower single-blow im- 
pact resistance of the B and C 
alloys compared to the A alloy, 
these two alloys have higher im- 
pact resistance than alloy A at 
the lower energy levels. Not in- 
dicated is the fact that one alloy 
C specimen was subjected to 3210 
blows at an energy level of 5 ft- 
lb without producing failure. As 
with other impact and fatigue 
data, the values given are useful 
for comparative purposes. only 
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Repeated impact testing machine. Device is similar to conventional pendu- 
lum type impact testing machine except that motor drive, magnetic clutch 


and limit switches permit tests to be conducted at frequency of 10 to 15 


blows per min. 


The graphs show 


The six graphs on the next 
page show how six aluminum sand 
casting alloys compare in resist- 
ing fatigue at high temperatures. 
This type of information is par- 
ticularly useful in designing for 


COMPOSITION OF ALLOYS 








Alloys |ASTMNo.*| Composition, %° 
A Sues Sicers Aes 6.5 Mg 
B .| C4A..... 4.5 Cu-1.5 Si 
C .| SC51A. ..} 5.0 Si-1.25 Cu-0.5 Mg 
D .| ZG61A. . .| 5.6 Zn-0.6 Mg-0.5 

Cr-0.2 Ti 

E.........| SG70A. ..| 7.0 Si-0.3 Mg 
Ree G10A. 10.0 Mg 











*These labels are arbitrary, adopted for con- 
venience in this article. 

>AII alloys denoted by ASTM B26-56T except 
alloy A. 

‘Balance aluminum. 








and cannot be used for exact , 
sign calculations. 

The degree of plastic defor: 
tion impact at 
energy levels has also been det 
Data show that si 


produced by 


mined. 
degree of deformation is produ 
in most alloys even at low imp: 
Alloy C (ASTM SC51. 
shows the greatest resistance 
deformation; in contrast to 
others, this alloy shows no de. 
formation at energy levels below 
10 ft-lb. Because of its combina- 
tion of resistance to impact and 
plastic deformation, alloy C ap- 
pears to be best suited for use 
under impact conditions. 


levels. 


Ductility seems to correlate 
with short-time test 

Measurements of elongation at 
failure show that the ductility of 
the alloys as measured in tensile 
impact tests compares favorably 
with the ductility as measured in 
short-time tests. No attempt has 
been made to determine if the 
frequency of impact has an effect 
on the behavior of the materials. 
It is possible that more time be- 
tween blows would produce some- 
what different results. 


2. Fatigue at High Temperatures 


high temperature applications in- 
volving alternating stresses. 
Graphs also show 
effect of stress level 

Each graph shows the fatigue 
properties of an alloy at 300 and 


480 F, as well as at room temper- 
ature. The S-N (stress vs number 
of cycles) curves not only indicate 
the effects of high temperatures, 
but also show the effect of stress 
levels on the endurance limits of 





All fatigue tests were conducted 
with Sonntag SF-2 constant force 
machines in which the alternating 
load is produced by a mechanical 
oscillator applied to one end of 
the specimen. For high temp 2ra- 
ture testing, a furnace was low- 
ered over the sample and sup- 
porting frame. The frequency of 
vibration used was about 18,000 
cpm at a load of about 45 Ib, in- 
cluding a 20-lb preload. 





How Fatigue Was Measured 


Although most published fa- 
tigue data have been obtained 
with R. R. Moore rotating beam 
equipment, the Sonntag flexural 
fatigue machines are particularly 
adaptable to high temperature 
testing. A comparison of tests 
conducted at room temperature 
with the two different types of 


machines showed no significant 
difference in results, 
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the materials. 

ress level data is important, 
ag it is not always necessary to 
design for extended years of ser- 
vice. Since the room temperature 
endurance limits alumi- 
nuin alloys are often based on 10° 
cycles or 5 x 105 


for cast 
cycles of re- 
versed stress, the designer may 
yt realize the allowable increase 


T 
| 


in applied stress if a life of 10°, 
10° or shorter span is permissible. 
Four main conclusions 

On the basis of the information 
in the graphs several important 
conclusions can be drawn: 





limit is negligibly affected by 


“ temperatures from room temper- 


ature to 300 F. 


2. Fatigue strength of all of 
these alloys is noticeably lower at 
180 F than at 
or 300 F. 

3. When a short life span is 
permissible, the alloys can be used 
at somewhat higher stress levels 
than that indicated by usually 
published endurance limits based 
on 108 or 5 x 108 cycles of reversed 
stress. 

4. When compared at the same 
temperature, the fatigue charac- 


room temperature 


similar. Consequently, one alloy 
cannot be selected in preference to 
another on the fatigue 
strength alone. Other properties 
may be important in 


basis of 
any given 
application and should be consid- 
ered along with fatigue strength. 
Expect lower values 

Note that these data are based 
on test specimens machined from 
separately cast Somewhat 
iower results will be obtained on 
specimens cut from actual 
ings, since the properties of such 
castings are affected by section 
thickness, differences in pouring 


bars. 


cast- 














1. Except for alloy F (ASTM teristics of the six aluminum al- temperature and other foundry 
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Piston ring designed in two pieces with TFE 

fluorocarbon resin insures low friction move- ' 


ment in afterburner nozzle control of J-71 jet. 














by A. J. G. Alian and F. M. Chapman, Polychemicals Dept. 
E. I. du Pont de Nemours & Co., Ine. 


The three graphs on the opposite page summarize all 
the design data developed so far on the coefficient of 
friction of TFE (Du Pont’s Teflon). Familiarity 
with these curves should help in getting the most out 
of TFE’s unique combination of low friction, 
chemical inertness and thermal stability. 

The data and the accompanying discussion make it 
clear that TFE’s coefficient of friction varies signifi- 
cantly with load, sliding speed and temperature. 
Previously, much of the data available appeared 
contradictory; now it is clear that the apparent 
contradictions resulted from failure to take into 
account the effects of varying loading conditions. 
This failure, in turn, was due to incomplete know- 
ledge of the mechanism of friction, particularly in 
materials that deform plastically, as well as elasti- 
cally, at relatively low loads. Modified friction theory 
now holds that the coefficient of friction depends not 
only on the bulk mechanical properties of th: 
material, but also on surface geometry and on load 
and other sliding conditions. 





Pump bearings made of TFE permit submer- 
sion in chemicals. No lubrication is required, 
precluding contamination of fluid being pumped. 












106 * MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 








Effect of load 





t sliding speeds of less than 2 0.4 7 
TFE’s frictional coefficient Up to 0.0002 Ib-A 
ies by a factor of 50 over the 
i range of 2 x 10° to 2 x 10° Jb. 
coefficient decreases rapidly as 03 } 


1 increases to the 5 to 50-lb range. 
load increases above this range 
coefficient continues to decrease 
more gradually. The continual de- 
crease in coefficient with increasing 
load indicates that TFE bearing 
surfaces will not seize even under 





0.002 to 0.2 1b-C 


Coefficient of Friction () 


extremely high loads. This has been 1416-0 
verified by studies which show that os 0.22to 2.21b-E 
the material cannot be friction 50 1075 |b -F 


welded even when interface tem- 
peratures rise well above the mate- 





Key to sources of data 
in all curves: 

A - Pascoe and Tabor 
8 - Flom and Porile 

C -Allen 

D-White 

E - Zisman et a/ 

F -Twiss 

G -Thompson et a/ 

H - Milz and Sargent 
I - King and Tabor 

J - Bowden 

K - Shooter and Thomas 


Note: All data for sliding 
speeds of /ess than 2 fpm 
at room temperature 
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rial’s decomposition temperature. 0 i000 


2000 3000 3,600 
Normal Force,\b 





Effect of sliding speed 





The greatest benefits of TFE in 0.4 
bearing applications are obtained at 
loadings higher than 5 lb and at 
slow sliding speeds. Coefficient of 





friction increases rapidly with slid- ‘a 0.3 

ing speed up to about 100 fpm under S 

all load conditions, with higher loads + 

producing lower coefficients. This in- (¢< 

crease in coefficient with increasing ‘% 92 

speed reduces stick-slip tendencies. + 

Above about 150 fpm, sliding speed ® 

has relatively little effect on the co- <= 

efficient unless speed is so high that rs 0.1 
oO 0O. 


interfacial temperatures exceed the 
crystalline melting point. 

Note that the molybdenum disul- 
fide-filed TFE composition shown 









0.05 -0.5-/b load—8 


1.4-/b lood—D 


5-/b load (MoS, - filled; 3:/ resin-filler ratio J—H 


50-75-/b lood—F 


Temperature range: 75-/50 F 








here under a 5-lb load exhibits a 0) 
lower coefficient than would be ex- 
pected of pure TFE material under 
the same conditions. This phenome- 
non can probably be attributed to an 
increase in hardness of the material, 
as well as the plate-like structure of 


it j 
0 100 )=6.200 





Effect cf temperature 


molybdenum disulfide. The 

benefits have been obtained with 

other filled TFE compositions. 
Reports also indicate that fresh 


l l i 
400 600 800 1000 
Sliding Speed, fpm 


same surfaces sliding at 2 to 16 fpm have 
a coefficient only one-third to one- 
half the coefficients of surfaces that 
have been worn at high speeds. 































Coefficient of friction at slow slid- q 
ing speeds is relatively constant <= os 90-Ib load; 25 fpm —F 
over the temperature range of 80 to =~ 

reat o 0.05-0.5-/b load; 

620 F. The curves also indicate the = 0.2 fom; worn surfoce — 8 
lower coefficient produced by fresh  ¢ 
surfaces as opposed to worn sur- ° 0.5-/b load; <2 fpm; fresh surface —I 
faces. The abrupt drop in the co- € 0.1 
efficient of worn surfaces at low 38 4. 29-16 ; Impregnated bearing; < 2 fpm —J/ 
sliding speeds when temperature is 7 a. D 
dropped from 65 to 61 F coincides 6 ; , oe eee 6 IGN ‘ 
with a chemical transition within the 76-22 32 86 194 302 410 518 626 


polymer structure. 


Temperoture,F 





For the theory that explains these results, see next page —> 
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The data on the preceding pages show the error in the 
common tendency to assign one coefficient of friction 
value to a plastics material regardless of load. The 
plastoelastic nature of the deformation that takes place 
in stressed plastics makes the frictional coefficient quite 
dependent on load, particularly at low load levels. Current 
theory clearly shows qualitatively the nature of this 
dependence. 

Nearly all solid surfaces are rough when viewed on a 
molecular scale. When two surfaces are placed together, 
they come into intimate molecular contact only at the 
high spots, or asperities. Load on the specimens causes 
these asperities to be crushed down until the softer of the 
pair of materials can support the load (W). The load is 
then carried by the interfacial areas of the touching 
asperities (A), which are only a small fraction of the 
geometric area of the surface. 

Under sliding contact, these areas change and new 
ones form. The force required to do this is the force of 
friction (F’) and depends on the specific shear strength 
of the junctions (s) and their area (A): 

F=: As 

If the deformation of the asperities is plastic rather 
than elastic in nature, the pressure that the asperities 
can withstand without further deformation is a constant 
(pm) for any given material and is comparable to inden- 
tation hardness. Thus, for materials that deform plastic- 
ally under such conditions, the area of real contact (A) 
is derived as follows: 

in 
Pm 

The widely accepted law of coefficient of friction holds 

that frictional force is directly proportional to load. 
’ Substituting from the two previous equations for the 
values of F' and W in the accepted equation for coefficient 
of friction, the equation becomes: 


F As Ss 


. W <Apm Dn 
Thus, when the area of true contact is exactly propor- 
tional to the load, i.e., deformation of the material is 
purely plastic, the coefficient of friction is constant and 
independent of load. 

Since plastics deform both elastically and plastically 
the value for real contact area (A) under conditions of 
elastic deformation must be determined. The theory of 
elastic deformation of a single spherical asperity pressed 
against an ideally flat plate, states that area of true 
contact is related to the load by: 


A — KW’? /3 


where K is a constant depending on the radius of curva- 
ture of the asperity and the elastic constants of the mate- 
rials in contact. From this equation it would seem that 
the standard equation for coefficient of friction 
(4=F/W) would not be obeyed when deformation is 
primarily elastic, since substituting W*” in the standard 
equation would alter the ratio of frictional force (F) 
and load (W). However, in common sliding systems, not 
just a single asperity but a large number of small (non- 
spherical) asperities come into contact. Thus, the equa- 
tion for area of real contact when deformation is elastic 
becomes: 
A = K’W" 

where K’ is the geometrical and elastic constant as before 
and n depends on the geometry. The value for 7 is sig- 
nificantly greater than 2/3 and is generally so close to 
unity that, substituting in the commonly accepted equa- 
tion for coefficient of friction, the basic law of friction 
is obeyed even though the deformation at each single 
asperity is elastic. 


How TFE Data Fit Friction Theory 
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However, the value of n, though close to, is not exac; 
unity, and diverges (decreasing in value with decreasi; 
load) from unity at very low loads. Thus, the pre 
coefficient of friction of sliding surfaces deforming e 
tically is not constant irrespective of load, but is de) 
dent on the geometry of the surfaces and sliding cor 
tions, as well as the bulk mechanical properties of ¢} 
materials. As would be expected, the coefficient genera 
decreases with increasing load, the effect being m 
noticeable at very low loads. 


Plastics vs metals 

In general, frictional properties of plastics differ from 
those of metals in that plastics have lower shea; 
strengths, lower indentation hardness, no oxide film and 
lower thermal conductivity, promoting higher interfacia| 
temperatures, 

In the case of metals, deformation during sliding con- 
tact is either plastic (as in the case of an unlubricated 
metal sphere under initial sliding conditions against a 
flat surface) or elastic (as in the case of mating and 
run-in surfaces). In the case of most plastics, deforma- 
tion is plastoelastic, i.e., a combination of plastic and 
elastic. Under initial loading, deformation is primarily 
elastic, but at relatively low loads deformation becomes 
primarily plastic, accounting for the initial sharp de- 
crease in coefficient with increasing load, and the rela- 
tively abrupt leveling off of the curve at a certain load 
level. 


Frictional properties of TFE 

Differences in frictional properties of most plastics 
can be explained generally in terms of their shear 
strength and hardness, and frictional coefficients can be 
predicted within a factor of two by calculating the ratio 
s/Pm, With the observed friction generally being higher. 
Oddly enough, observed frictional coefficients of TFE 
are two or three times lower than anticipated by this 
calculation. 

Current theory suggests this discrepancy is caused by 
the inherently low cohesive forces between adjacent poly- 
mer chains. The large fluorine atoms effectively screen 
the large carbon-fluorine dipole, reducing molecular 
cohesion so that shear force at the interface is low. 
Shear strength of the bulk material is higher because 
of interlocking molecular chains. 
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PART 2: | Square loop ferrites 
m Microwave ferrites 








































Permanent magnet ceramics 


n- by George Economos, Massachusetts Institute of Technology 


id @ These ferromagnetic materials 
“ are probably less common than 
1 . ° ‘ 

y the soft ferrites discussed last 


month. The accompanying tables 
e- indicate the properties of typical 
a- bodies of each type commercially 
‘a available from various suppliers. 
Square loop ferrites 

Square loop or switching fer- 
ar rites have two stable states of 
be magnetization, resulting in a | General Ceramics Corp. 
square or rectangular hysteresis Ferrite cores are used in a variety of shapes and sizes. 
E loop. The shape of the entire loop 
is is important in designing with 7 fom7 0.55 ot 800 gauss, 
these materials. Such ferrites are , 2 30 oersted 
used in magnetic computer mem- 
ory devices, switching devices 
ar and magnetic amplifiers. Mag- 
W. netic computer memory devices 
se are the most advanced application 
for the materials. 


8, gauss 


The tables in the accompanying 
box list properties of proprietary 
grades of square loop ferrites 
supplied by various manufactur- 
39, ers. The properties are organ- 
och ized to present those most im- 

portant for different applications. 


Memory devices — The three 
most important characteristics of 
a4 square loop ferrite for memory 
55, devices are: squareness ratio of 
the hysteresis loop, switching Fig 1—Squareness ratio measurement from hysteresis loops. Loops 1 to 4 
time, and “noise,” i.e., voltage are caused by application of fields of varying amplitudes. Curve at left shows 

53, generated by the half pulses at plotting of squareness ratio (R.) against maximum flux density (Bm) for the 

11, the peaking voltage of the full four curves, thus deriving maximum squareness ratio (Rsm), and indicating 
pulse, field required to utilize highest loop rectangularity. (Economos) 


ed H, oersteds 





OO, 


As a series of pulses of varying 
B, amplitude is applied to a square ferent shapes, as shown in Fig 1. B-;;/.: By, called squareness ratio, 
loop ferrite toroid, varying values Memory devices use sets of pulses R,. Thus the value of B at an 
oF for B,, and B, are produced, re- of half amplitude, and for proper applied field of half amplitude 
sulting in a series of loops of dif- operation require a high ratio of (-H/2) in the direction opposite 
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Hysteresis Loop Data 


INTERNATIONAL TELEMETER CORP, 


Properties of Commerc’a| 







Switch Core Pulse Data 
















































Grade = op H., B./B. H T ow Grade Nl, 
os g g oe oe usec a4 amp-turn 
| te... 1300 1680 L. 0.94 1.85 1.2 180T! Ea 
TS-A*...... 2100 1900 0.72 0.96 0.9 5 2 
T5-B>... 2200 1950 0.37 0.95 5 3 
| 4 
1 Memory Core Pulse Data 
| 180TS 145 
; ~ 
| Drive Pulse Output Pulse > i. 
j )j 
, 4 15 
Grade Height, Width, | RiseTime, | ran. Seba, I, S/N: sia 
| & amp-turn psec psec psec usec mv 7515 1 435 
“ae | 0.820 15 0.2 13 0.6 > 125 > 50 ; me 
80T5-A?........ 0.365 10.0 0.6 4 2.0 > 25 > 50 4 1960 
100Tle... 1.05 1.5 0.2 1.3 0.6 > 150 > 50 7 




















®Memory core grade. 
>Switch core grade. 
°S/N = Signal-to-noise ratio at peaking time. 

4Core size = 0.080 in. o.d., 0.050 in. i.d., 0.025 in. height 


*Core size = 0.100 in. o.d., 0.070 in. 
fPulse length is 10 usec: core size is 0.180 in. o.d., 0.090 in. i.d., 


i.d., 0.030 in. height 


0.090 In. thiek 


Core size is 0.375 in. o.d., 0.260 in. i.d., 0.125 in. thick 


MULLARD, LTD. (Ferroxcube) 


Switch Core Data (Grade D-1*) 





































































Im 
2 
i >. 
Secondary 
winding 


oincident 
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bu/SES 





Fig 2—Wiring schematic of a mag- 
netic memory. 


. Selected core 


+ eGeveceecnny 


A 


} 


14 ay 7 
ZCfO Or 


a Jaladeali ie 


tf “i 
One 


If the 


Ain, Bin, H rN B r Ban R sm T swy 
oe g oe usec 
| ARS rer 1700 0.9 >0.9 >0.8 <2.0 
2.8... 2100 1.2 > <1.0 
Memory Core Data (Grade D-2°) 
NI, 1 Position, 0. Position, Pa Tp’ 
amp-turn mv mv usec usec 
- >100 <12 1.4 0.60 
1.08. >130 <15 1.4 0.60 
“Core sizes available in D-1 grade, in.: 
FX 1724 FX 1396 FX 1639 FX 1638 
Mi o6sbs se 0.200 0.315 0.527 1.024 
b aseteoere 0.120 0.236 0.343 0.800 
Height ...... 0.040 0.080 0.220 0.284 
>Core sizes available in D-2 grade, in.: 
FX 1508 FX 1634 
ia, da cdeacee 0.080 0.120 
ck? a8sebs obs 0.050 0.080 
Height ...... 0.025 0.025 
i cAverage values. 


to that required to attain B,, is 
critical. 
rectangular, the half pulses will 
not disturb the loop shape, nor 
excite any appreciable 
in the sensir~ element (the sec- 
ondary winding). Plotting R, ver- 
sus B,, (or H,,) as shown in Fig 1 


loop is highly 


voltage 


Glossary of Symbols 





will 


B—F lux density or induction, 

B.—F lux density at (BH)... 

Bu—Maximum flux density.’ 

B.—Remanent flux density. 

B,—Saturation flux density,’ 

B.—Usable flux density, i.e., 
density at which the 240 F 
initial permeability is half 
the 77 F value. 

(BH) »a—Maximum energy prod 
uct. 

e’ /e-—Equals k’ and is the rela- 
tive dielectric constant com 
monly encountered in di- 
electrics (i.e., the ratio of 
permittivity of the materia 
to that of free space). 

g—gauss. 

H—Magnetizing force or drive. 

H.—Coercive force. 








H.—Magnetizing force at 
(BH) m. 

H,.—Maximum magnetizing 
force. 


H..—Magnetizing force for op- 
timum squareness ratio. 


indicate the maximum square- 


ness ratio (Rsm) and thus the 


opti 
the 


mum field required to utilize 
highest loop rectangularity. 


In a so-called memory device 
array, such as that shown sche- 
matically in Fig 2, the applica- 
tion of a half-amplitude pulse to 
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Sguare Loop Ferrites 








B./B. V. ae 

v/turn psec 

0.73 0.3 1.6 

0.97 2.0 1.0 

0.95 3.0 0.5 

0.94 6.0 <0.4 

0.95 0.7 2.5 

0.93 1.9 0.8 

0.9] 3.3 0.6 

0.76 0.89 0.4 
0.38 0.82 0.3 >8 

0.62 0.96 0.8 3.5 

0.70 0.97 1.8 1.7 

0.74 0.96 2.5 ll 





k’—See e'/€e. 

ui—Initial permeability. 

lnax Maximum permeability. 

Ni—Ampere-turns. 

oe oersted. 

Q—A quality rating applied to 
coil or resonant circuits; 
determined by formula: 

g — Frequency x inductance i 


, Resistance “" 

Rsm—Optimum squareness ratio. 

o—Resistivity. 

oa—Resistivity, measured stat- 
ically. 


'.—Curie temperature. 
Taw—Switching time. 
V.—Output voltage on switch- 
ing. 
Although many of these terms are not 
standardized, the ones shown here are 
used in this article. 

» Saturation flux density is the theo- 
retically highest flux density value, 
i.e, When H is at a value where the 
core material has no effect; maxi- 
mum flux density is the maximum 
density for any specified level of 
magnetizing force. 


each of the two magnetizing (or 
driving) windings causes the tor- 
oid to switch if it is in the proper 
remanant state, i.e., either at B- 
or —B,, often called the “zero” 
and “one” states respectively in 


coincident memory applications. 
Switching generates in the 


This 


GENERAL CERAMICS CORP. 


Hysteresis Loop Characteristics 
































Grade Mi, Mmax, i B ry Pe B,/ B . a A ee T awe 
4a g/oe g/oe g 2 oe oe milisec 
40 515 1780 1590 1.5 0.90 0.8 2.0 ] 
S-3 45 1800 2000 1920 0.65 0.96 0.95 0.80 >4 
Memory Core Pulse Data Switch Core Pulse Datae 
Grade Nl, ‘One’(and ‘Zero’ 4 Fo Grade ants Ve T sw, 
& amp-turn 1,4) Position, Position, | milisec a oe v/turn | milisec 
mv/turn v/turn 
S-1' | 30 0.016 17 Bel... ee 1.5 1.5 
) 65 0.016 1.4 1.6.. 3.5 1.3 
0.9 140 0.028 1.0 2.0.. 5.5 1.0 
— | . —__—. 2.4. 7.5 0.8 
$-34 A ae. :. 3.5 5.7 , —_—- -— 
0.35 23 x 45 S-3 1.2 1.3 1.9 
0.45 42 3.5 2.8 1.6 2.9 1.6 
J] oe 4.4 1.2 
5.9 0.9 
®Core sizes, in.: Small Medium Large _ 
Cae, adeacsen 0.080 0.230 0.375 
SS eee 0.050 0.120 0.187 
eee 0.025 0.060 0.125 
bSubscript “‘d’’ denotes a disturb pulse (nonswitching pulse). 
©Pulse length is >1.5 times switching time with 0.2 milisec rise time. 0a at la peak is <0.005 
volt per turn between 0.65 and 0.95 amp-turn. 
10q at la peak is <1 volt per turn over this range. ¢Data taken from large size cores. 


NATIONAL CASH REGISTER CO. (Type N 400-800 Memory Core") 
Switching Response (for a single turn) 




















Ni, Fim T pesk, 1 Position, 0.,Position, 
amp-turn pSec psec mv mv 
0.35.... 3.6 2.0 300 3 
0.40 3.0 1.8 480 3 
0.45.. 2.2 1.5 660 4 
Optimum Operating Behavior 
Drive Pulse Output Pulse 

Height, Width, Rise Time, T me T ecaks 1 Position, 04 Position, S/N® 
amp-turn | usec psec psec psec mv mv 

0.400 >7.0 0.5 3 2 | >25 <7.5 >100 








*Core size: 0.080 in. o.d., 0.050 in. i.d., 0.025 in. height. 


>bSignal-to-noise ratio at peak. 


secondary winding a large voltage 
by which the computer circuitry 
can determine the state of the 
core in that location. Since the 
complete memory has to be 
scanned in each step of a compu- 
tation or other information gath- 
ering sequence, the speed at which 









the toroid responds is critical for 
efficient operation. Speeds of bet- 
ter than 1 psec (10° sec) have 
been achieved in some materials. 


The switching time, 7,,, can be 
decreased by higher driving pul- 
ses, but these may be beyond the 
ability of the computer circuitry. 
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| LIGNES TELEGRAPHIQUE ET 


Square Loop Ferrites (continued) 


TELEPHONIQUE (‘‘Rectalite’’) 
































| D.C. Characteristics 
| At Rom 
Grade | Mi, 
| # | g/oe si Ve H, |B,/Bm| He, B, B.., = 
| ohm-cm F oe oe g g 
4001 | 400 | 103 428 10 0.90 | 0.50 | 4000 | 3520 | 
| | 2 0.95 | 0.40 | 3600 | 3450 ne 
| 4302 | 100 | 104 500 10 0.92 | 07 3340 | 3080 = 
] 09 | 097 | 06 2380 | 2300 | 0.94 
i 4303 | 90 | 2x10* | 554 | 10 0.92 | 1.6 2800 | 2580 a 
| | | =. 0.94 | 1.2 2180 | 2060 | 0.76 
| 4304 | 150 | 2x105 | 482 10 0.92 | 14 2500 | 2300 a 
! | | 18 | 0.94 | 10 1960 | 1840 | 0.78 
4401 | 200 | 2x103 | 536 10 0.92 | 0.55 | 3660 | 3360 i 
| | 2 0.97 | 0.55 | 3360 | 3260 
4402 | 130 103 545 10 0.92 | 0.60 | 3500 | 3220 - 
| | 2 0.95 | 0.60 | 3060 | 290 | — 
| 4601 | 84 | 104 716 10 0.94 | 1.10 | 3460 | 32c | — 
| | 14 | 0.95 | 0.85 | 2260 | 2160 | 0.83 
4701 | 240 | 103 554 10 0.92 | 115 | 3380 3120 an 
16 | 0.95 | 1.0 2600 | 2480 | 0.83 
| Switching Response 
1} 
| Grade a. Wc Pinte Grade ec Vo. ? tains 
& oe mv usec : oe mv usec 
4001... 1.4......] 630 55 4401>....}1.0......] 125 4.0 
16......] 730 45 - 270 2.0 
* 7 850 4.0 -* 440 
20......) 950 | 35 o8..... 520 1.0 
4302>.......| 1.10.....] 400 1.5 4402*,...|1.14.....) 110 ll 
1.30.....] 400 13 1.60. 200 
1.70.....) 410 0.8 1.95.....] 280 6 
2.10.....) 590 0.8 2.40.....] 360 4.8 
4302*,......| 1.02.....] 160 4 4601>....| 1.25..... 95 3.0 
: 200 3.2 a... 240 1.5 
1.04.....] 280 2.8 :... 270 1.0 
2.25.....) 310 25 380 0.8 
4601*....| 2.8..... 190 6.0 
4303>.......| 2.0..... 199 | 20 A701». ...| 1....... 70 3.0 
2.....4 1.8 1.5......) 140 2.0 
os... 30 =| 15 oe, 250 1.2 
| ee 350 | 1.0 
4304>.......| | es 160 | 20 $4701*..../ 1.16.....) 130 | 120 
b eee 20 «| 18 1 1.63.....} 2200 | 80 
ee 270 1.4 I 315 | 6.0 
| 245..... 320 | #12 1245...... 370 | 45 














As important as the squareness 
ratio and the switching time is 
the voltage generated by the half 
pulses at the peak voltage of the 
full pulse. This factor is measured 
by the signal-to-noise ratio shown 








*Toroid size: FN 114 = o0.d.—0.0965 in.; i.d.—0.0560 in.; height—0.0508-0.0763 in. 
>’Toroid size: FN 112 = 0.d.—0.0508 in.; i.d.—0.0318 in.; height 0.0304 in. 


in Fig 3; a high ratio is desirable. 

Magnetic switches — The pri- 
mary requirements for magnetic 
switches are a high remanence, a 
high B,:B,, ratio, and a low coer- 
cive force. Although the speed of 


112 *« MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 


switching can be importan 
pending on the application he 
circuitry and the size of tl} 
oid can be varied to perm 
use of higher driving pul; 
attain rapid switching. 


Other uses for square loo 
rites, such as magnetic amp! 
have not as yet found Widespread 
application. The potential of 
relatively new materials would 
seem to offer many interesting 
future applications. 

Microwave ferrites 

Data on microwave ferrites are 
quite limited because 1) they are 
one of the most recently developed 
ferrite materials, and 2) only a 
few companies offer these mate- 
rials for sale (many companies 
are producing only for their own 
consumption). The limited data 
shown in Table 1 indicate the 
scarcity of information available. 
With materials that are so new 
and in a field where the basic con- 
cepts are still quite elusive, the 
design engineer should contact 
producing companies for more de- 
tails and cooperation. 

The properties of prime impor- 
tance in microwave ferrites are 
the Faraday rotation effect and 
the ferromagnetic resonance ab- 
sorption. The Faraday effect is 
the resulting rotation of a micro- 
wave beam when it passes through 
the magnetized material as shown 
by the accompanying schematic 
drawing (Fig 4). The degree of 
rotation is dependent on _ the 
chemical and structural composi- 
tion of the material, its thickness, 
and the strength of the applied 
magnetic field. The unique feature 
of the Faraday effect in micro- 
wave ferrites is that the rotation 
of the reflected beam is in the 
same direction as that of the orig- 
inal beam. This phenomenon per- 
mits use of the materials as gy- 
rators, isolators, circulators and 
phase shifters. 

The resonance absorption in the 
microwave range is a limiting fac- 
tor in the use of microwave fer- 
rites because of the magnetic |oss- 
es associated with such absorp- 
tion. A typical absorption peak is 
shown in Fig 5. Resonance ab- 
sorption line width (AH, in oer- 
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stds) at the peak half-height 
should be as narrow as possible. 
Ceramic permanent magnets 
eramic materials used for per- 
m.nent magnets are not ferrites, 
are closely related to them. 
They are derivatives of the na- 
11 mineral magnetoplumbite 
\Fe2O.0). In commercial com- 
positions barium is usually sub- 
stituted for the lead because of 
he processing difficulties inher- 
ent in lead-containing ceramics. 
Strontium can also be accommo- 
dated in the hexagonal lattice, 
but it is relatively expensive. 
The most desirable property of 
permanent magnet materials is a 
high energy product (BH) on the 
demagnetizing cycle of the hyster- 
esis loop. Thus, the materials 
must be capable of achieving high 
remanence or high coercivity, or 
better yet, high values for both. 


_ 


uV, ce 
? _ Switching pulse output 
| ; 
Disturb pulse 7 
> 
E — Signal-to-noise 
| j 
@ i ratio = ui 
3 | Ve 
s ! 
dV, eee > Sa a Se 
| 
| 
| 
| 
| eas 
| Switching ; 
Peaking time~_ | time (1t) ~ Oluy 
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Fig 3—Typical switching and disturb output signal, from which is obtained 


signal-noise ratio. 





A highly rectangular logp is also 
advantageous. 
Two major 


types of ceramic 


TABLE 1—-CHARACTERISTICS OF COMMERCIAL MICROWAVE FERRITES 




















Raytheon Mfg. Co. R-14] R-151 R-161 R-191 
Grade os 
Loss/Inch (10 kmc), db ~ 0.04 _ me 
é/e. (10 kmc).... 3.8 — 13 | 10.5 
Merce taxeaaa 56 2% 230 2300 3300 3000 
Rotation (10 kmc), 
deg/in.®......... — 115 — - 
Tan 6° (10kmce).... 0.0007 0.0005 0.007 0.003 
Line Width (A H), oe. . 800 400 500 200 
T., F ena oaks 536 572 1094 1094 
Front/Back Ratio... >10 — High >20 
Uses L-Band isolators | X-Band gyrators; | S-Bandandabove | Down to L-band 
_ high power at X- | for isolators | for isolators 
band, low power at 
C-band ; S-band and 
above for isolators 
Mullard Ltd. Trans-Tech, Inc. 
“Ferroxcube” B3 |S B5 Grade »| TL-390 TT-414 
Grade + 
Applied Magnetic | Loss/Inch, db...... 0.025 | 0.02 
Field, oe.........17500+250| 3500 | 1700+ 50 | e’/e, (9375 mc)..... 13. | «#115 
Frequency Range, | ae 1900 600 
NS ak acid se 0% 34.2-35.5 9.35 | 9.375> | Rotation (9.375 | 
Input, VSWR........] >0.85 09 | 0.86 kmc), deg/in.°... 180 — 
Insertion Loss, db Phase Shift (3 kmc), 

Forward.......... oS |. st deg/in.4......... — | 7 
Reverse.......... >12 16 | 2l Sere 608 212 
Was adel Q-Band | X-Band | X-and | Uses.............. X- and K-| S-Band 
medium | high low band as_ | and lower 
power power | power rotation | as phase 

isolator | isolator | isolator device; S | shifter 
| | through | and rota- 
K-band as} tion 
| isolators | devices 














*0.2 in. dia rod in % in. id. guide at 300 oe. 
>Center, 


°0.25 in. dia rod in 15/16 in. i.d. guide at 300 oe. 





40.25 in. x 0.75 in. bar in 1% x 8 in. o.d. guide at 500 oe. 


‘Tan 6-dissipation factor. 
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Fig 4—Faraday rotation of a micro- 


wave beam by a ferrite. (von Hippel, A. R., 


Dielectrics and Waves, J. Wiley & Sons, Inc., 
1954) 
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Fig 5S—Resonance absorption by a 
microwave ferrite. (Kingerey) 
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Fig 6—Demagnetizing curves of 


isotropic (random) and anisotropic 
(oriented) magnetobarite permanent 


magnets. (Kingerey) 
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TABLE 2--CHARACTERISTICS OF PERMANENT MAGNET FERRITES 











Type BHmax, B., Ho, Ba,> | Ha, » H eats p, Temp Coef ‘iT, 
a 10° g/oe | gauss | oersted | gauss | oersted | 10-3 oersted | ohm-cm | of BHmax, F Comments 
%/°F 
Indox | 0.95 2100 1700 1055 900 10 106 0.105 860 ; 
a 3.5 3800 2000 1920 1820 10 0.105 860 
Ferrimag | 1.0 2100 1650: 1130 885 106 0.083 Isotropic 
oN ~ 3.5 3900 2000 : Oriented 
Ferbalite 5802 wien 1.4 2600 1700 1500 930 106 
“ 9803 0.6 1800 1500 900 650 106 
“9804. . 0.9 2100 1600 1100 800 108 
Fercolite 5201. 1.5 2400 1800 1400 1100 100 Cobalt ferrite 
" ga02,. le bapa 1.3 2500 1250 1300 1000 5 x 105 Compositions useful 
up to 140 F 
eee rrr orpeers 1.2 2600 1000 1850 650 100 
Magnadur 1. a 0.95 2000 1750 950 1000 14 108 ¥ Isotropic 
7 EE eee Pee ee 2.5 3600 1400 | 2200 1135 14 106 : Oriented 
¥ 3. 2.25 3000 1900 1600 1400 14 106 - Oriented 
Cromag........ ..f 08 | 2000 | 1550 | 950 | 850 10° "1 ee 
Ceramagnet A. . Terre 1.01 2200 1700 p 1150 865 0.086 - 
ia Oe 0.84 2000 1600 = - 0.088 842 





*Indox—Indiana Steel Products Co. 
Ferrimag—Crucible Steel Co. of America. 


Ferbalite and Fercolite—Lignes Telegraphiques et Telephoniques. Ceramagnet A 
‘Intrinsic coersive force (Hei) = 


At (BH) max. 


permanent magnets are produced: 
isotropic (random) and _ aniso- 
tropic (oriented). Typical demag- 
netizing curves for both types are 
shown in Fig. 6. 

The isotropic type is made by 
standard ceramic techniques, pro- 
ducing a homogeneous random 
dispersion; the major constituent 
likely to be present is crystallites 
of magnetobarite (BaFe.xOvw). 
Materials with energy products of 
over one million gauss-oersteds 
are available; stability is provided 
by high coercivity values. 

The anisotropic type is made by 
orienting the magnetic crystallites 
before pressing in the die cavity. 
Subsequent sintering causes the 
crystallites to grow in a given 
plane, yielding a pseudo-single 
crystal effect, i.e., a highly rec- 
tangular loop. Energy products 
of over 3% million gauss-oersteds 
are available. Typical properties 
of commercial permanent magnet 
materials are shown in Table 2. 


What’s next in ferrites? 
Magnetostriction exploited — 
Transducer design is currently al- 
most entirely dependent on barium 
titanate-base materials. The mag- 
netostrictive properties of the fer- 
rites offer great promise for this 


114 -« 


Magnadur—Mullard Ltd. 


F-300—D. M. Steward Mfg. Co. 


Cromag—Henry L. Crowley & Co., Ine. 


2900 oe. 


type of application. Coupling co- 
efficients (a measure of the effi- 
ciency with which a material con- 
verts energy from one form to 
another) of over 30% have been 
reported for some compositions 
Also, the wide Curie temperature 
ranges offered by the ferrites 
promise to relax substantially the 
service temperature limitations 
currently imposed on transducers 

Microwave limitations lifted— 
The limitations of ferrites in the 
microwave region have been well 
established. New hexagonal ma- 
terials which seem to be a sort 
of hybrid combination of magne- 
toplumbite and cubic ferrites 
(trademarked Ferroxplana) prom- 
ise to lift these present limita- 
tions. 

High resistivity, narrow reson- 
ance absorption line width—The 
magnetic garnets(ResFe;sO::), pri- 
marily those containing rare earth 
cations (Re), have high resistiv- 
ity and narrow resonance absorp- 
tion line widths. Present data, 
though limited, are promising. 

Single crystals wanted—Single 
crystals of all the materials—even 
the most complex combinations— 
would offer endless opportunities 
in design. When crystal growing 
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techniques are developed to the 
point where uniformity and per- 
fection are accurately controlled, 
the ultimate in materials will be 
available to the engineer and de- 
signer. 
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You can enter 


Any person(s) or organization in the product manufacturing industries, 
or consultant(s) serving these industries, may submit an entry or entries. 
No one employed by a materials producer or supplier is eligible. 





simply select your best work 
of | O b 8 You can enter any product which you designed or redesigned, provided 


that 1) the design was completed during 1958, or 2) the product 
went into production during 1958. An entry may be either a new 
product or a redesigned product that demonstrates sound, imaginative 
and progressive use of engineering materials. Engineering materials 
are defined as metals, nonmetallics, finishes and coatings, and material 
forms (such as castings, forgings, moldings, etc.). The product may 

be a complete assembly, a subassembly, a single part or a component. 


It’s easy to prepare an entry 


You need not write up your entry in the form of an article. Entries 
will not be judged for literary quality. See back page of this folder for 
details on the information that must be submitted with each entry. 


send in your entry by February 2 


Entries must be mailed no later than February 2, 1959. Mail all entries 
to 














Awards Editor, Materials in Design Engineering 
430 Park Avenue, New York 22, New York 


Award winners will be published 


The award-winning entries will be published in the May Design 
Engineering Show issue of Materials in Design Engineering. Other 
entries not winning awards may be published at the discretion of the 
editors. Non-winning published entries will be paid for at the usual rate. 
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Preparation of Entries benefit from intelligent materials selection: 


The following information must be provided with Long service life Reduced scrap 


each entry in order to allow the judges to make Lower basic materials Reduced or eliminated 
i cost maintenance 
competent decisions: , ' : 
aie iil Less material required Permitted lower cost 
a. A detailed description of the product includ- Improved appearance design 


ing photographs or drawings. If the entry is a_ re- 


‘ ; Permitted anew design Allowed greater design 
design, provide before and after illustrations if pos- g g g 


Reduced production costs flexibility 











| sible. Improved service Simplified production 
! b. A description of requirements in service and/ performance and fabrication 
| or fabrication that must be met by the product and Remember! The more detailed and documented 
| the material. your entry is, the more consideration it will re- 
i c. A description of the previously used materials ce/ve from the judges. 
: (if entry is a redesign). Entries or portions of entries will not be returned 
ce ie d. A description of the material or materials unless requested. Entries should not include valuable 
pa ey selected for the product entry. papers or other material which must be returned, 


because there is always some danger of loss or mu- 
tilation. Whenever possible, photostats, photographs 
or other copies of such materials should be used 
instead. 





@. An explanation of why the material or mate- 
rials were selected for the product. Describe the ad- 
vantages or benefits gained through the choice. 


Back them up with evidence — facts, data, charts, 
tables on performance, quality or cost. All entries must be postmarked not later than 


February 2, 1959. 
In general, entries should show that the materials , 


selected for the product — 
Resulted in improved performance and/or !ower 
costs or 
Best met the design and service requirements. 


Materials in Design Engineering plans to publish 
articles on the winning entries and reserves the right 
to publish articles based on entries not winning 
awards. The judges reserve the right to withhold 
Here are o few specific ways in which a product can awards at their discretion. 











NOTE: Please observe the rules given above. Use a separate blank for each entry; additional entry 


blanks available on request. Attach entry blank below, or its equivalent, to your entry and mail to: 
Awards Editor, Materials in De sign Engineering, 430 Park Av New York 22, N 
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Name(s) of person(s), group or organization who would receive award i. 

Company . 
Street address City State ty 





Name or brief description of product being entered 












Was design (or redesign) of entry either completed or placed in production during 1958? 





Does your employer consent to entry under terms of this competition? 
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Selecting 
Sleeve 
Bearing 
Materials 


by Richard Booser, 
Motor and Generator Div., 
General Electric Co. 


The success or failure of a 
bearing is largely deter- 
mined by the materials of 
which it is made. Many 
bearing materials are avail- 
able, each having special 
properties that recommend 
it for particular applica- 
tions. This manual covers: 


# Factors you should con- 
sider in selecting bearing 
materials. 

BThe significant engineer- 


ing properties of the princi- 
pal bearing materials. 
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Selection factors 











The properties of bearing mate- wear resistance, 2) embeddability spots, and during run-in when tl} 

rials differ widely. For this reason and conformability, 3) fatigue re- is mnadequate clearance. 
the designer must analyze operating sistance, 4) corrosion resistance, and During metal-to-metal contact, 

| conditions carefully to determine 5) load capacity. sliding surfaces rub on microsc 

| which properties are likely to be Compatibility and high spots. The friction develo) 

| most important in a particular ap- wear resistance at these points can produce locali: 

| plication. Such an analysis may Satisfactory compatibility between melting and welding. The sub 
show that just one or two properties the bearing and shaft during metal- quent seizing damage that occ 
are essential (e.g., load capacity or to-metal contact is usually the most depends on the mechanical, chemi 
fatigue resistance); then again it critical operating requirement. Even and metallurgical properties of t 
may show that a considerable num- in well-lubricated bearings there is materials, and on the nature of a: 
ber of properties will be important. bound to be metal-to-metal contact lubricants and additives present. 
In general, the most important oper- upon starting until an oil film is A comprehensive summary of th: 
ating properties of a bearing mate- generated. Contact can also occur compatibility of bearing materials 
rial are its: 1) compatibility and in misaligned bearings, at high is given in “Selecting Bearing Metals 

TABLE 1—PERFORMANCE CHARACTERISTICS OF COMMON BEARING ALLOYS 




















| | | | 
Tin-Base | Lead-Base | Copper- Lead Tin Aluminum| Silver | Babbitt-Surfaced 
} Material » Babbitt Babbitt | Cadmium Lead Bronze Bronze Alloy Plate | 3-Component 
| Bearing 
Bearing Brinell Hardness 
Room Temp............. : 20-30 15-25 30-40 20-30 40-80 60-80 45-50 25 — 
EEE OD Le 6-12 6-12 15 20-23 40-60 60-70 40-45 a | — 
Shaft Brinell Hardness (min).............] 150 orless | 150 0rless | 200-250 300 300 300-400 300 =| 300 | 230or less 
Load Carrying Capacity, psi.............. 800-1500 | 800-1200 | 1500-2000 | 1500-2500 | 3000-4500 | 4000+ 4000-+- 4000+ 2000-4000-+ 
Max Operating Temp, F................. 300 300 500 350 450-500 500+ 225-300 | 500 225-300 
ES ree l l l 2 3 4 5 2 l 
Conformability and Embeddability*....... l | l | 2 2 4 5 3 3 2 
Corrosion Resistance*................... l | 3 5 5 4 2 ] ] 2 
Fatigue Strength®................... :; 5 | 5 | 4 3 2 ] 2 l 3 





- 


“Arbitrary scale ranging from 1 (best) to 5 (poorest). 


Compatibility of Bearing Materials 


TABLE 3—COMPATIBILITY OF COMMON NONMETALLIC 


























Oil- | | Graphite- | Filled Phenolic | 
Material =» Impregnated | Phenolic | Filled Phenolic | (60% molybdenum | Nylon 
Maple | Laminate? | Laminate | disulfide) | 
| — seuteiiaodiatinn a = |— — 
| No Oil Oiled» | No Oil Oiled» | NodOil Oiled» 
Dwell Period, min to start of wear.......... 125 | 22 2 16 12 | 15 9 1125 
Wear Rate, in./hr........................., 0.0005 0.017 0.0005 | 0.0004 0.0008 | 0.001 | >10 | >10 
Coef of Friction During Wear............... 0.12 0.22 0.17 0.13 0.08 | 0.12 | 0.86 | 0.82 
Max Temperature, F...................... 114 265 137 137 121 | 129 — | 410 
Bearing Appearance After Testing© | 
SG 0 0 0 0 0 | 0 9 9 
RTS ae Oe l 4 0 0 0 | 0 | 0 5 
Ca ERS a Sa 0 de 0 eee i ee ae. 
Shaft Appearance After Testing* | | | 
ED ek cet nine 5 cia hals.yte.s oo 5408 0 0 0 0 | 0 0 | 0 | 4 
Scoring....... ap PS ET PETTY 0 2 | 0 0 | 0 | 0 | 0 | 0 
Ae FRI BY l | — ] ] | 0 0 0 2 oi 








8250 psi load on %-in. test pin against 1%-in. shaft at 700 fpm. Shaft is carbon steel with a hardness of Rockwell C25 and a 124 in. rms finish 
>Lubricated with one drop of oil. 
cArbitrary scale ranging from 0 (no effect) to 10 (extreme damage). 
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iat Will Not Seize,” M/DE, June 
3. The relative compatibility and 
her performance characteristics of 
mmon bearing alloys are also 
own in Tables 1 and 2. Tables 3 
d 4 describe the compatibility of 
‘jous nonmetallic bearing mate- 
ils. 
Table 2 shows that tin and lead 
bbitts have similar dwell periods 
fore wear begins to occur. The tin 
babbitt has less tendency to pickup 
a shaft than lead babbitt, but 
has a greater tendency to score the 
shaft. 
These tables also indicate: 
1. Aluminum, because of its short 


lwell period together with its high 


TABLE 2—COMPATIBILITY OF COMMON BEARING ALLOYS: 


wear rate, needs a good oil supply. 

2. Leaded tin bronze not 
cause any shaft scoring. 

3. Zine bronze has an exception- 
ally low wear rate. 

4. Cadmium-nickel has a 
dwell period which makes it useful 


does 


long 


where a limited oil supply is avail- 
able. 

5. Silver plate also has a long 
dwell period and provides a very 
low wear rate and negligible shaft 
damage. 

A comparison of both metallic and 
nonmetallic bearing materials is 
given in Fig 1. These data indicate 
that the materials with the best 
ability to operate under limited lub- 



















Nylon 
Cadmium 
Phenolic 
Silver 

Lead Bobbitt 
Tin Babbitt 
Aluminum 
Leaded Bronze 


Teflon 
| l ! l l ] — 
O 20 40 60 80 100 120 140 I60 


Oiled Dwell, min to start of weor 





Fig 1—Comparative resistance of 
various bearing materials to wear 
when initial lubrication is poor. 


Oiled dwell is measure of time be- 
fore wear starts to occur after ini- 
tial application of one drop of oil. 



























Material =» Tin | Lead | | Leaded Tin | Cadmium- Silver Zinc- 
Babbitt» | Babbitt ¢ | Aluminum? | Bronze® | Nickel § Plate Bronze 
Shaft Material » AISI. C1117" | AIS! C1117! | AISI 41425 | AISI B11115| AISI 4140* | AISI 4140* | AISI 4142: 
Dwell Period, min to start of wear 7 10 | 2 0 68 13 6 
Wear Rate, in./hr eRe 0.03 0.06 | 0.26 0.18 0.01 0.003 | 0,003 
Coef of Friction During Wear...... 0.33 0.31 0.32 0.12 0.32 0.24 | 0.44 
Max Temperature, F.............. 240 295 221 186 232 240 284 
Bearing Appearance After Testing ! | 
noah ines gedel cdiaesedeksu 4 | 8 | 6 | 4 | 7 | 0 2 
se a 4 5 | | 2 | 7 | 1 | 1 
il i ah ou ag 6 0 ] 0 8 —_ | 5 
Shaft Appearance After Testing 
Pickup Rice sian 0 5 4 5 0 0 0 
Scoring 5 3 3 0 5 0 l 
Color ae 5 2 3 0 3 6 
1250 psi load on %-in. test pin against e80 copper-10 tin-10% lead. iRockwell C25, 11ly in. rms finish. 


1%-in. shaft at 700 fpm. One drop of 100 


SUS oil initial lubrication. 
89 tin-7.5 antimony-3.5% copper. 
C77 lead-13 antimony-10% tin. 

















191.5 aluminum-0.5 tin-1 copper-1% nickel. 
BEARING MATERIALS: 

Sintered Asbestos- 
__Nylon Teflon Filled Teflon 
No Oil | Oiled» | No Oil | Oiled® | No Oil | Oiled» 
2|2|0 /|0 | @ | 0 
1.4 0.32 | 0.37 | 0.38 | 0.0011 | 0.0007 
0.64 | 0.56 | 0.17 | 0.17 0.24 | 0.17 
334 331 = | — 185 157 
6 4 fe) g l l 
7 3 oe - 0 0 
0 0 — —~ 0 0 
8 8 0 0 0 0 
0 0 0 0 0 0 
0 ak wm 9 9 














{98.6 cadmium-1.4% nickel. 
£61 copper-35 zince-2 manganese-1 silicon- 
1% lead. 


hRockwell A54, 9u in. rms finish. 


TABLE 4—COMPATIBILITY OF CARBON-GRAPHITE BEARING MATERIALS:* 








jJRockwell B84, 9u in. rms finish. 

kKRockwell C25, 12u in. rms finish. 
lArbitrary scale ranging from 0 (no effect) 
to 10 (extreme damage). 




















Babbitt- | Silver- | Copper- | Bronze- 
Type »> Grade A | Grade B | Impreg- | Impreg- | Impreg- | Impreg- 
| nated | nated | nated | nated 
Dwell Period, mintostartofwear| 37 .. Sh ie eat 2... Pe 
Wear Rate, in./hr.............] 0.0007 0.011 0.0004 0.0015 0.0012 0.0044 
Coef of Friction During Wear...} 0.17 0.20 0.20 0.56 0.12 0.32 
Max Temperature, F....... , 193 193 162 | 369 |= 12i 245 
Bearing Appearance After | | 
Testing | | | 
oe se oo EEE EEE 0 0 0 | a ae. 0 
SIRs cau sdasced ar denee 0 6 | 2 0 1 4 
ha we nasadnakoaaveny 0 0 0 0 0 0 
Shaft Appearance After 
Testing® | 
SEES 35 din oa ee ae nase 0 0 l 0 0 | 2 
roe: 0 3 2 0 0 3 
Nee 5 | 3 5 7 3 4 



















a250 psi load on unlubricated %-in. test pin against 1%-in. shaft at 700 fpm. Shaft material 
is AISI 4142 steel with a hardness of Rockwell C25 and a 12y in. rms finish. 
bArbitrary scale ranging from 0 (no effect) to 10 (extreme damage). 
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rication are nylon, cadmium-nickel, 
laminated phenolics, silver plate, and 
the babbitts. 

Embeddability 

and conformability 

Embeddability is that property of 
a bearing material which allows it 
to absorb foreign particles with a 
minimum of scoring and wear. Con- 
formability is that property of a 
bearing which allows it to compen- 
sate for misalignment and conform 
to geometric errors. 

Good embeddability and conform- 
ability are characteristic of soft 
metal bearing materials with a low 
modulus of elasticity. Because of 
their low moduli of elasticity, the 
babbitts are unsurpassed for both 
embeddability and conformability. 

The usual combination of good 
embeddability with good conform- 
ability is not necessarily found in 
nonmetallic bearing materials. Car- 
bon-graphite, for example, has a low 
modulus of elasticity which permits 
some conforming of the material to 
shaft deflections and misalignment. 
However, because of its high hard- 
ness, the material has very poor 
ability to embed dirt. 

Fatigue resistance 

The fatigue resistance of bearing 
materials is important in applica- 
tions where reciprocating loads, a 
pounding action, or other alternat- 
ing stresses are encountered. In 
such cases, cracks are initiated just 
below the surface of the material at 
points of maximum shear stress. In 
the case of babbitt these cracks 
propagate at a right angle to the 
surface down to the bond with the 
backing material. They then follow 
along the backing material and join 
other similar fatigue cracks. When 
the bearing material is sufficiently 
weakened it begins to flake loose. 

The relative fatigue strength of 
various bearing alloys is shown in 
Fig 2. As will be discussed later, 
the fatigue resistance of babbitts can 
be considerably improved by using 


Silver 

Leaded Bronze 
Aluminum 
Copper - Lead 
Cadmium 
Leod Bobbitt 
Tin Babbitt 








l l l j 
1°) 2000 4000 6000 8000 
. Fatigue Strength 
(Max load for |00-hr test life), psi 
Fig 2—Comparative fatigue resist- 
ance of bearing metals. 





them as a thin overlay on a stronger 
backing material such as strip steel. 
The babbitt layer on heavily loaded 
bearings is frequently reduced to 
0.005 in. or less to produce greater 
fatigue strength. However, this de- 
crease in thickness is accompanied 
by a loss in embeddability. 
Corrosion resistance 

Corrosion resistance is important 
where uninhibited industrial lubri- 





cating oils are used. If inadequ 
lubrication schedules are follow 
these oils oxidize, and the oxidat 
products formed can attack 
corrode cadmium, lead, zinc 





some copper bearing alloys. Att 
can be minimized by such modif 
tions as applying a thin flash 
indium over cadmium or lead be 
ing alloys, or by adding tin to k 
babbitt. In general, both tin 


TABLE 5—PHYSICAL PROPERTIES OF BEARING MATERIALS 











Material & Brinell — Ten Str, Mod of | Density, | Coefof Ther Cond. 
Hardness psi Elast, Ib/cu in. Exp, Btu/hr/sq 
108 psi 10-6 per °F | ft/°F /ft 
METALS 
Lead Babbitt...... 21 10,000 4.2 0.36 14 14 
Tin Babbitt. . 25 11,000 7.6 0.27 13 32 
Copper-Lead eccahel 25 8,000 - — - 170 
Silver........ - 25 23,000 ll 0.38 10.9 238 
Cadmium....... 35 8 0.31 16.6 53 
Aluminum Alloy... 45 22,000 10.3 0.10 13.5 119 
Leaded Bronze... 60 34,000 14 0.32 9.9 27 
Tin Bronze. . 70 45,000 16 0.32 10 29 
Steel........ 150 75,000 30 0.28 6.4 29 
Cast Iron. . 180 35,000 23 0.26 5.7 30 
Porous Bronze 5 ade ona se 40 18,000 0.23 10.5 17 
Porous Iron. . © ie 50 25,000 :, 0.22 6.7 16 
PLASTICS 
Teflon. ..... D60 3,000 0.06 | 0.08 56 | 0.14 
Nylon... hae M79» | 9,300 0.41 0.04 55 0.14 
Phenolic. . M100 10,000 0.5 0.05 12 0.21 
OTHER NONMETALLICS 
Rubber. . | | 0.04 | 43 0.09 
Wood....... at : 900 | 18 | 0.02 | 2.7 0.11 
Carbon-Graphite. ” 730 2,000 2 0.06 1.5 10 
Cemented Tungsten Carbide. 1800 8] 0.51 3.3 40 
Fused Aluminum Oxide. ... 2000 50 0.14 8.2 1.6 








*Durometer hardness. Rockwell hardness. 


TABLE 6-APPROXIMATE PRICES OF SLEEVE BEARINGS ($)* 











Bearing Size » ¥)-In. 1.D. 1-In. 1.D. 2-In. 1.D. 4-|n. 1.D. 
Cast Tin Babbitt, Steel Back................ 23s | 38h | ft | we 
Cast Lead Babbitt, Steel Back............... 2.20 2.95 | 3.90 7.55 
I Si 63.5.6n000 05400065 sescues 0.20 0.43 2.07 | 12.00 
Lead Babbitt, Steel Strip Back.............. 0.06 | 0.09» 0.19 | 0.965 
Tin Babbitt, Steel Strip Back............... 0.08» 0.10 0.21 |  1,05> 
Aluminum, Steel Strip Back................ 0.08 0.10 0.21» 1.02 
Copper-Lead, Steel Strip Back.............. 0.10 | 0.12» | 0.25 1.29% 
Three-Layer, Steel Strip Back............... — 0.165 | 0,28> 1,44» 
Sintered Bronze....................00000. 0.08 016 | 1.47 10.85» 
Ns ask cediaeccixeseed ards oes 0.06 0.11 1.21 11.60" 
ES SL, cused atihs eabostneee 0.16 | 0.23 | _ — 
eo as va svaahed chose 0.21 | 048 | 4.05 10.00 
ok ES RIES st. 2.36 | 670 21.31 
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aBased on large quantities and bearings with a length-diameter ratio of 1.5. 
>These bearings are normally supplied with a smaller length diameter ratio than 1.5. However, 
for purposes of comparison the 1.5 ratio has been used in computing costs. 








fever, 





alum 1um alloy bearings are largely 
ynaft cted by oxidized oils. 


Load capacity 

Th load capacity of a bearing is 
Inge v related to the material’s com- 
pati |ity and mechanical properties, 
as w |l as to the design of the bear- 
ing, ne lubricant used, and the type 
of load. The load-carrying capacity 
of various bearing metal alloys is 
shown in Table 1. 


Modulus of elasticity 
and tensile strength 

The modulus of elasticity and ten- 
sile strength of a number of bearing 
materials are given in Table 5, These 
prope rties are usually most impor- 
tant in designing the bearing hous- 
ing and support. In general, lower 
strength materials such as babbitts 
require sSOme support and are nor- 
mally used as a thin layer over a 
stronger metal such as steel, bronze, 
or cast iron, 


Hardness 

The hardness of a bearing mate- 
rial (see Table 5) should be as low 
as possible, yet still provide the de- 
sired strength and wear resistance. 
Use of the lowest permissible hard- 
ness will provide the greatest em- 
beddability and conformability and 
tend to minimize journal scoring. 
Where high bearing hardness is re- 
quired for high loads it is necessary 
to: 1) be sure that the shaft is 
harder than the bearing material, 
2) have a good quality finish on both 
the bearing and the shaft, 3) pay 
more careful attention to alignment, 
and 4) be sure that surfaces are 
free from dirt, and 5) be sure that 


there is an adequate supply of lubri- 
cant. 
Coefficient of expansion 

The coefficient of expansion of a 
bearing material (see Table 5) must 
be taken into account in establishing 
bearing-to-shaft clearances at the 
expected operating temperatures. If 
a material has a low coefficient of 
expansion, then a greater clearance 
than normal must be allowed at 
room temperature so that the cor- 
rect clearance will exist at higher 
operating temperatures. 


Thermal conductivity 

The thermal conductivity of a 
bearing material (Table 5) indicates 
its ability to dissipate the heat 
caused by friction. Materials with 
low conductivity require a _ good 
supply of lubricant or some other 
means of carrying away heat. Cool- 
ing water is often used for this pur- 
pose, as in the case of phenolic lami- 
nates used in roll neck bearings in 
steel mills. 
Temperature limits 

It is difficult to establish the maxi- 
mum temperature limits of bearing 
materials. Tables 1 and 9 give 
typical recommendations. If oper- 
ating conditions and temperatures 
are likely to be severe, some sort of 
laboratory or field testing should be 
conducted to insure that the bearing 
material will perform satisfactorily. 


Cost and availability 

Cost and availability are very 
often the deciding factors in select- 
ing a bearing material. The princi- 
pal reason for the difference in the 
cost of lead babbitt and tin babbitt 


Metal bearing materials 


Babbitts 


The lead and tin-base babbitts are 
the best known and most widely 
used metal bearing materials. They 
are principally noted for their ex- 
cellent properties under boundary 
lubrication or dirty operation, and 
for their excellent compatibility and 
conformability. 

Compared to other bearing mate- 
tials, generally the babbitts have 
lower load-carrying capacity and 
fatigue strength, and are higher in 
cost and of more complicated design. 
Also, as shown in Fig 38, their 
strength decreases rapidly with in- 
creasing temperature. However, 
these shortcomings can often be 
avoided by using an intermediate 


layer of high strength, fatigue re- 
sistant material between a _ steel 
backing and a thin babbitt surface 
layer. Such composite bearings fre- 
quently eliminate any need for using 
alternate materials with poorer com- 
patibility characteristics. 

Tin and lead babbitt bearings are 
used in a wide range of applications 
including small appliances, frac- 
tional horsepower motors and in- 
ternal combustion engines, as well 
as the largest motors, generators, 


Fig 3—Strength of lead and tin 
babbitt drops rapidly with increas- 
ing temperature. However, this defi- 
ciency can often be overcome by us- 


ing a higher strength backing. 


bearings is that lead costs less than 
tin. Both silver and cadmium have 
many excellent bearing properties, 
but their limited availability and 
high cost limit their use to special- 
ized applications, 

However, the high cost of a bear- 
ing material need not necessarily 
keep it from being considered. Fre- 
quently a thin layer of the bearing 
material can supply the desired sur- 
face characteristics while a cheaper 
backing material supplies the neces- 
sary structural strength. 

Table 6 summarizes the cost of 
bearings made of various materials. 

Practically all engineering metals 
have been used at one time or an- 
other as bearing materials. A good 
many of these metals have proved 
unsatisfactory for one reason or 
another. The most popular metals 
in use today are: 1) soft babbitt 
metals, composed primarily of lead 
and tin, 2) copper alloys, including 
the lead and tin bronzes and the 
softer copper-lead alloys, 3) alumi- 
num alloys, 4) silver, 5) porous 
metals, and 6) cast iron and steel. 

Cadmium has been used as a 
babbitt replacement for heavy loads 
in the past, but its use has decreased 
in recent years because of its high 
cost. Some zinc alloys were used as 
wartime substitutes for the bronzes, 
but their use has largely disappeared 
and they will not be considered. 
Although they are not primarily 
bearing materials, iron and _ steel 
will be considered briefly since they 
are frequently used where cost is a 
major factor and the severity of 
operation is not too great. 
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gas turbines, and industrial and 
marine gear units. 

Although the babbitts used in such 
applications may have a similar 
composition, there are great vari- 
ations in the way the materials are 
applied. In smaller bushings for 
FHP motors and in reciprocating 
engine bearings, the babbitt is gen- 
erally applied as a thin coating over 
a flat steel strip. After machining 
of oil-distributing grooves and holes, 
the strip is cut to size and then 
rolled and shaped into the finished 
form. These bearings are generally 
available for shafts with diameters 
from 0.5 to 2 in. They are produced 
in very large quantities and offer an 
excellent combination of low cost 
and good bearing properties. 

For larger and heavier duty bear- 
ings, a thicker layer of babbitt is 
cast on a rigid backing of steel or 
cast iron. The babbitt layer is usu- 
ally % to % in. thick. 

Table 7 shows the specifications 
established by the SAE for babbitt 
compositions. Grades 10 to 12 are 
tin-base babbitts and grades 138 to 
15 are lead-base. The ASTM has 
adopted a similar specification (B23). 
ASTM grades 1 to 5 are tin-base 
and 6 to 18 are all lead-base alloys. 


Tin babbitt 

Tin-base babbitt bearings gener- 
ally contain 80 to 90% tin alloyed 
with about 3 to 8% copper and 4 to 
14% antimony. In general, an in- 
crease in copper or antimony con- 
tent produces an increase in hard- 
ness and tensile strength, and a de- 
crease in ductility. However, an in- 
crease in these hardening constitu- 
ents above the range shown in Table 
7 will lead to decreased resistance 
to cracking and fatigue. Of the tin- 
base alloys, the ASTM 2 and 3 
alloys (similar to SAE 11) are most 
commonly used for industrial equip- 
ment, and the SAE 12 grade is most 
widely used in automotive applica- 
tions. 
Lead babbitt 

The lead babbitts are based upon 
the lead-antimony-tin alloys and 
have a structure of hard crystals in 
a relatively soft matrix similar to 
the tin-base materials. Composition 
generally ranges from 10 to 15% 
antimony and up to 10% tin. The 
SAE 14 alloy, containing 10% tin, 
is quite popular for many industrial, 
railroad and automotive applications. 
The SAE 13 alloy is used where a 
softer babbitt is desired, and the 
SAE 15 alloy is used because of its 
ability to carry higher loads and 


TABLE 7—COMPOSITION OF SAE BABBITTS (%)* 





SAE No. => 0 | ow 


ASTM B23 No. » Alloy 1 


12 13 14 


Alloy 2 _ Alloy 7 





Tin (min) 90 86 
Antimony.............. 4-5 6-7.5 
ere ee 0.5 0.5 
4-5 5-6.5 
0.08 | 0.08 
0.1 0.1 
0.08 0.08 
0.005 0.005 
0.005 0.005 
0.2 | 0.2 





88.25 5-7 9.25-10.75 
7-8 9.05-11 14-16 
0.5 Bal Bal 
3-4 0.5 0.5 
0.08 _ - 

0.1 0.25 0.6 
0.08 _ — 
0.005 0.005 0.005 

0.005 0.005 0.005 

0.2 0.2 0.2 0 





—_——e 


aPercentages of minor constituents represent limiting values except where allowable range 


is noted. 


provide longer fatigue life. 

Compared to tin babbitts, the lead 
babbitts are less costly, have some- 
what better fatigue resistance at 
low temperatures, and have less 
tendency to score a shaft. Lead 
babbitt bearings are used in much 
greater volume than tin babbitts and 
have proved superior in a number 
of critical applications. Neverthe- 
less, tin babbitt is still frequently 
preferred for industrial applications 
because of its better corrosion re- 
sistance, easier bonding, and lower 
tendency to segregate. 


Three-component bearings 

These bearings are especially de- 
signed to improve the strength’ and 
fatigue resistance of the babbitt 
materials. Generally, they consist 
of: 1) a low carbon steel backing, 
2) an intermediate layer of copper, 
bronze, silver or aluminum, and 3) 
an overlay of babbitt ranging from 
about 0.001 to 0.020 in. thick. The 
intermediate layer increases. the 
mechanical strength of the babbitt, 
and also provides reasonably good 
bearing properties in case the tin 
babbitt surface layer is destroyed 
in operation. 

Fig 4 shows the marked improve- 
ment in fatigue strength produced 
by using a thin babbitt layer. This 
thin layer does not have as good 
embeddability as thick layers. Never- 
theless, the high load capacity of 
three-component bearings has made 
them extremely popular for heavy 
duty service in reciprocating engines 
for automobiles, trucks, diesel equip- 
ment and aircraft. The load capa- 
city of such bearings ranges up to 
4000 to 5000 psi as compared with a 
limit of 1500 psi for the babbitt 
itself. 

One type of three-layer bearing 
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Fig 4—Effect of thickness on life 
of babbitt bearings (2000-psi load). 
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is produced by continuously deposit- 
ing a powder of 60% copper and 
40% nickel on a steel strip which 
is then passed through a sintering 
furnace. Lead babbitt is then vac- 
uum cast on the porous copper-nickel 
matrix to impregnate the pores and 
provide the surface overlay. 

Sometimes an intermediate layer 
of copper-lead, leaded bronze, silver 
or aluminum is also used under the 
babbitt. This layer is machine fin- 
ished, and a thin layer of the babbitt 
is added by precision casting or 
plating. 

A grid-type bearing is also pro- 
duced for heavy-duty surfaces; it 
uses a knurled intermediate layer 
of copper alloy or silver. The final 
overlay structure then consists of 4 
grid filled with a lead babbitt. 


Copper alloys 


Many copper alloys are available 
for bearing applications. In general, 
these alloys can be grouped into 
three classes: 1) copper-lead, 2) 
leaded bronzes, and 3) tin and high 
strength bronzes. 

The composition and properties of 
typical copper alloy bearing mate 
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TABLE 8—TYPICAL COPPER ALLOY BEARING MATERIALS 





also used to some extent at moderate 

























~—T loads and speeds in electric motors, 
Nominal Composition, % Tensile turbines and steam engines. 
loy SAE No. — — Strength, | Brinell Leaded bronze 

Copper Tin Lead Zinc | psi* | Hardness The wide popularity of cast bronze 

poem a 480 65 35 3.000 05 bearings (porous bronze bearings 
iy ae | 72 6 16 28,000 55 are discussed in a later section) 
Ped BrasS........| 40.... 85 5 5 5 34.000 | 60 stems from their: 1) adequate bear- 
Beariny Bronze... .| 660. . 83 7 7 3, 34,000 60 ing properties, 2) excellent casting 
ieaded TinBronze.| 64..... 80 10 10 — 36,000 65 and machining characteristics, 3) 
Gun Metal..... enh) Whose 88 10 — 2 44,000 70 comparatively low cost, and 4) abil- 
~ Kits Cae - ity to be used alone without an over- 

alumi nBronze..| 68...... 89 (1 iron, 10 aluminum) 70,000 140 lay or bond. Bronze bearings can 
‘Typical values for sand castings. be produced from standard bar 
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rials are shown in Table 8. The 
compatibility of these alloys de- 
creases as lead content is lowered. 
However, there is a corresponding 
increase in load capacity, strength, 
hardness, wear’ resistance and 
fatigue strength as other alloying 
elements such as tin, aluminum, 
phosphorus and zine are added. 

Cost of copper alloy bearings 
varies widely. Simple bronze bush- 
ings are cheaper than corresponding 
babbitt materials, whereas copper- 
lead bearings are more expensive 
than their babbitt counterparts. In 
general, the copper alloys provide 
greater load capacity, better high 
temperature operation, and more 
wear resistance than the softer 
babbitts. However, the babbitts are 
superior where a combination of 
high load and high speed is en- 
ountered. 


Copper-lead 

The simplest copper bearing mate- 
tial is the binary copper-lead mix- 
ture which can contain from 20 to 
40% lead. Lead is practically insolu- 
ble in copper, and a cast copper- 
lead microstructure consists of a 
copper matrix containing dispersed 
lead pockets. These pockets of lead 
serve as reservoirs for maintaining 
a continuous lead film on the bear- 
ing surface, The tendency for lead 
to segregate is minimized by careful 
control of melting and casting. Tin, 
or up to 5% silver, is sometimes 
added to minimize segregation. 

A steel backing is usually used 
with copper-lead bearings to pro- 
duce added strength. Hardness of 
copper-lead bearings is about the 
same as for babbitt at room tem- 
perature, but is higher than for 
babbitt at temperatures approach- 
ing 300 F. A thin babbitt overlay 
is sometimes applied to copper-lead 
vearings to promote compatibility 
and conformability. 









Corrosion of both lead and copper 
in the alloy is a problem, and cor- 
rosion resistance is sometimes pro- 
vided by diffusing a coating of 
indium into the bearing surface. 
The additives in high quality lubri- 
cating oils are also effective in pro- 
tecting copper-lead bearings in 
internal combustion engines. 

The combination of good high tem- 
perature properties, fatigue strength 





and load carrying capacity has re- Johnson Bronze Co. 
sulted in considerable use of copper- Lead-tin electroplate 1 mil thick 
lead materials for the main bearings improves compatibility and conform- 
and connecting rod bearings of in- ability of these steel-backed copper- 
ternal combustion engines. They are lead sleeve bearings. 


American Smelting and Refining Co. 
Continuous cast bronze sleeve used in this steam turbine has better physi- 
cal properties and is less expensive than previous sand cast bronze sleeve. 
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Aluminum Co. of America 


Aluminum alloy bearings have proved successful in internal combustion 
engines because of their corrosion resistance and their good load-carrying 
capacity, fatigue resistance and thermal conductivity. 


stock, or by sand, permanent mold, 
investment, centrifugal or continu- 
ous casting. 

The leaded bronzes consist of a 
copper-tin matrix containing 4 to 
24% lead held in mechanical suspen- 
sion. The tin provides better strength, 
fatigue resistance and hardness than 
are possible with simple copper-lead 
mixtures. Zinc is sometimes used as 
a replacement for the tin, and 
nickel or nickel and silver are often 
added to improve corrosion resist- 
ance. 

Leaded bronze has better com- 
patibility than tin bronze because 
of the tendency of the spheroids of 
lead to smear over the bearing sur- 
face under conditions of inadequate 
lubrication. However, leaded bronze 
has somewhat lower strength and 
fatigue resistance than the tin 
bronze. Consequently, leaded bronze 
is used in applications requiring a 
compromise between copper-lead and 
tin bronze bearings, primarily at in- 
termediate loads. Typical applica- 
tions are light duty machinery, 
home appliances, farm machinery, 
pumps, thrust washers and FHP 
motors, 

The SAE 660 leaded bronze alloy 
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is available in hundreds of sizes for 
shafts ranging from about 3/16 to 
4 in. A softer bronze, such as SAE 
67 which contains more lead, is 
sometimes preferred where better 
compatibility is needed. Such a ma- 
terial is widely used for 
engine bearings. 

The 80 copper-10 tin-10% lead 
phosphor bronze is also popular. 
This material has good impact re- 
sistance and a relatively high hard- 
ness of 65 Bhn. It is widely used 
in steel plants for applications such 
as roll neck bearings, and is also 
used in lathes, instruments, house- 
hold appliances, heavily loaded die- 
sel rocker arm bushings, pumps, and 
automotive piston pin bushings. 


Tin bronze 

A tin bronze generally contains 
from 10 to 20% tin with just enough 
lead to aid in machining. Small 
amounts of zinc and/or nickel are 
sometimes added to improve strength. 
Suitable alloying can produce hard- 
ness values as high as 170 Bhn. 
Such a hardness level, however, is 
accompanied by brittleness and poor 
bearing properties. 

Tin bronzes do not have particu- 
larly good bearing properties and 


diesel 
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consequently are usually y 
low speeds. They requir 
alignment, reliable lubricati 
a minimum shaft hardness 
to 400 Bhn. 

The SAE 62 gun metal allo 
in Table 8 is one of the tin 
most commonly used for bi 
The high strength of this n 
enables it to be used in thin s 
without any backing. This 
used as a bearing for such win 
parts as connecting rods, pisto) 
pins, valve guides, fuel pumps and 
starters, and it is also used as a 
structural bearing in movabl 
bridges and hydraulic machinery, 
High strength bronzes 

These bronzes contain various 
quantities of aluminum, iron, man. 
ganese, silicon, zine and nickel. They 
have excellent shock and wear je- 
sistance, and their hardness ranges 
above 200 Bhn. They can usually 
withstand temperatures of mor 
than 500 F. 

High strength bronzes such as th 
SAE 68 aluminum bronze listed ji 
Table 8 are best suited for heavy 
duty applications at low 
They are not satisfactory for high 
speed operation, and plentiful lubri- 
cation must be supplied to prevent 
overheating. High strength bronzes 
have been successfully used for 
heavy duty roll neck bearings and 
severe gear applications in steel 
mills. 


speeds, 


Aluminum 


Aluminum alloy bearings have 
proved quite successful in internal 
combustion engines because of their 
excellent resistance to corrosion by 
acidic oils, good load-carrying capa- 
city, superior fatigue resistance and 
good thermal conductivity. Other 
than engines, relatively few appli- 
cations have been developed for alu- 
minum bearings in industrial equip- 
ment. 

Two principal kinds of aluminum 
alloys are available for bearings. 
The most common alloy contains 6.5 
tin-1 nickel-1% copper (Alcoa 750). 
This is a casting alloy in which the 
tin provides improved bearing prop- 
erties and the small amounts of 
copper and nickel provide increased 
strength, hardness and scuff resist- 
ance. Ordinarily this alloy is used 
without an overlay. A very similar 
wrought alloy is also available; it 
has the same microconstituents plus 
a 1.5% silicon content which enables 
it to be rolled into shape. 

The second major aluminum alloy 
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ber ing material contains 4% sili- 
ind 1% cadmium. This alloy is 
us in making steel-backed bear- 
with a_ babbitt-type lead-tin 
ay. The overlay appears to 
D de better conformability and 
| atibility during initial engine 
poration, and better embeddability 
t] uncoated aluminum surfaces. 
However, uncoated surfaces have 
ed very satisfactory, and the 
ne for a babbitt overlay has not 
be definitely established. 
espite the increased use of alu- 
minum alloy bearings in recipro- 
eating engines, their use in other 
industrial equipment where the bear- 
ings are subject to a unidirectonal 
load has not been too successful. 
Trials have been made in FHP and 
larger motors, gear sets, railroad 
cars and steam turbines with limited 
success. In some cases there have 
been improvements in life, high tem- 
perature operation and cost as com- 
pared to previously used babbitt or 
bronze bearings. Good results have 
also been obtained in roll neck bear- 
ings in steel mills where aluminum 


has replaced cadmium and other 
bearing alloys to some extent. How- 
ever, there have also been unex- 
plained failures and_ difficulties 
caused by: 1) lack of sufficient em- 
beddability and conformability, 2) 
the need for hardened shafts and 
improved finish, and 3) 
relatively poor compatibility char- 
acteristics, which lead to shaft dam- 
age when the oil supply is inter- 
rupted. 


surface 


Aluminum-tin 

Promising high tin aluminum 
alloys have been developed in Eng- 
land; these combine the desirable 
properties of aluminum and tin. 
Production bearings for internal 
combustion engines consist of 20% 
tin and 1% copper alloyed with the 
aluminum, and are backed with 
steel. The bearings are said to be 
useful with an unhardened steel 
shaft under heavy loads. At 300 F 
they have over twice the fatigue 
strength of tin babbitt. Unbacked 
aluminum-tin bearings are _ also 
under trial in rolling mill bearings 
and in subway cars. Some half- 


Porous bronze bearings can be used in such heavy duty applications as this 
large-diameter bearing used inside of a flywheel. 














Amplex Div., Chrysler Corp. 



































































































































































































million of the aluminum-tin bear- 
ings are now in use and they are 
claimed to be cheaper to produce 
than previously used bearings. 


Silver 

Silver overlay bearings are noted 
for their outstanding metallurgical 
uniformity and fatigue resistance, 
and for their excellent load capacity, 
thermal conductivity and high tem- 
perature characteristics. Because of 
these properties, they are exten- 
sively used in aircraft engines and 
similar heavy duty reciprocating 
engines. Two principal disadvan- 
tages of silver bearings are their 
poor embeddability and conform- 
ability. Although these properties 
can be improved by using a lead or 
tin overlay, silver bearings are 
nevertheless limited to applications 
where misalignment and dirt are 
not encountered. Another disadvan- 
tage of silver bearings is their com- 
paratively high cost. 

Most silver bearings are ,of a 
three-layer type with a steel back- 
ing and a tin or lead overlay. The 
prepared steel surface is first elec- 
troplated with a very thin layer of 
copper or nickel, and then electro- 
plated with silver. After plating, 
the bearing is annealed at about 
950 F to set the bond and recrystal- 
lize the silver. It is then covered 
with a 0.0004 to 0.005-in. overlay of 
lead, lead-tin mixture, or a tin- 
copper plate. If lead is used the 
bearing is given a final flash coat 
of indium which diffuses into the 
lead and prevents corrosion from 
lubricating oils. 

The use of overlays over silver 
can be eliminated where good com- 
patibility is required. The excellent 
compatibility of silver is generally 
attributed to the lack of wetting of 
steel by molten silver, and the 
absence of mutual solubility. These 
factors minimize the transfer of 
silver to mating surfaces which 
could cause welding and seizing. As 
shown in Table 2, a silver plate 
bearing running against steel ex- 
hibits a low wear rate, excellent 
dwell characteristics, and a complete 
absence of pickup. These results 
indicate the utility of silver where 
inadequate lubrication exists. 


Porous metals 


A porous bearing consists of a 
pressed and sintered bronze or iron 
powder which contains 10 to 40% 
pores by volume for storing lubri- 
cating oils. The materials are self- 
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lubricating in that oil flows through 
the interconnected pores to the sur- 
face to provide an oil film between 
the shaft and the bearing. There 
is only a minor degree of oil leakage 
since the lubricant is reabsorbed 
into the bearing by capillary action 
and also upon cooling when the shaft 
stops rotating. 

Aside from self-lubricating prop- 
erties, other advantages of porous 
metal bearings are: 1) they can be 
readily produced in large quantities, 
2) their dimensions can be accu- 
rately controlled with little or no 
finish machining, and 3) their cost 
is low. Over 1000 sizes of porous 
bearings are available in bores rang- 
ing from 1/8 to 4 in. Wall thick- 
nesses vary from 1/32 to 1/4 in. 
Porous bronze 

The most commonly used metal 
powder bearing consists of a bronze 
containing 90% copper and 10% tin. 
The bearing contains about 20% 
voids which are impregnated with 
an oil having a viscosity equivalent 
to an SAE 380 motor oil. Graphite is 
sometimes added to the bronze to 
improve self-lubricating properties. 

The load-carrying capacity of 
porous bronzes, as well as plastics 
and other semi-lubricated bearing 
materials, can be expressed by a 
PV factor which is an index of the 
heat generated by friction on the 
bearing surface; P is the load in psi 
and V is the surface velocity of the 
shaft in fpm. As shown in Table 9, 
the PV limit of small porous bronze 
journal bearings is about 20,000. 
Higher values are sometimes quoted, 
particularly for bearings that are 
pressure-lubricated. For porous met- 
al thrust bearings, a maximum PV 
value of 10,000 has been suggested. 

Porous bronze bearings are used 
in large quantities in such applica- 
tions as household appliances, elec- 


TABLE 3—-OPERATING PROPERTIES OF POROUS METAL 
AND NONMETALLIC BEARINGS 














Material Load Capacity, | Max Temp, Max Speed, PV Lin 
& psi F fpm 
Porous Metals 4,000 150 1,500 20,00 
Nylon 1,000 170 500 2,00 
Phenolics 6,000 200 2,500 15,001 
Teflon... .. 500 500 250 1 ,00¢ 
Rubber..... 50 150 4,000 
Wood...... 2,000 150 2,000 15,000 
Graphite Materials... a 600 700 2,500 15,00( 
150, 
lubricated 
aP—load in psi, V=surface speed in fpm. bFor continuous operation with initial oil operation. 


tric fans, FHP motors, instruments, 
machine tools, agricultural equip- 
ment, office machinery and controls. 
In most applications the initial sup- 
ply of oil in a prelubricated porous 
bearing is sufficient. However, sup- 
plementary lubrication is desirable 
where continuous operation is en- 
countered for extended periods. In 
such cases, additional oil or grease 
can be supplied from a reservoir in 
the housing or by using a suitable 
wicking arrangement. 
Porous iron 

Porous iron bearings contain up 
to 10% copper and have about 20 
to 25% voids. They are cheaper 
and can carry higher loads than 
porous bronze bearings, but they 
require more attention to secure an 
adequate supply of lubrication. The 
PV factor of porous iron bearings 
is about 50% higher than that of 
porous bronze. However, the sur- 
face speed limit of porous iron is 
about one-third lower—800 fpm as 
compared to 1200 to 1500 fpm for 
porous bronze. 


Cast iron and steel 


Cast iron has been used with some 
success aS an inexpensive bearing 


Nonmetallic bearing materials 


Many nonmetallic materials are 
now available for bearing applica- 
tions. Almost every nonmetallic ma- 
terial has some special character- 
istic, whether it be self-lubricating 
properties or low cost, that war- 
rants its selection over a metal bear- 
ing in certain specialized applica- 
tions. The operating characteristics 
and cost of commonly used non- 
metallic bearings are summarized in 
Tables 3, 4, 5, 6 and 9. 
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Plastics 


Plastics are probably the most 
widely used nonmetallic bearing ma- 
terials. Many new applications have 
been developed to suit the special 
characteristics of the materials. In 
addition, plastics have replaced 
older bearing materials in many 
applications, 


Phenolics 
Cotton-reinforced phenolic lami- 





material for low speed and low load 
applications. In such cases the bear- 
ing surface is generally machined 
directly into the cast iron structure 
of the machine, Typical applications 
are cam shafts, light transmissions, 
pivots, and lightly loaded machine 
journals. 

A cast iron bearing develops a 
surface glaze from the flake graph- 
ite inherent in the material. This 
glazed surface offers support for a 
slowly rotating shaft so long as sur- 
face speeds are kept below 130 fpm 
and loads are kept below 450 to 500 
psi (75 to 150 psi for small electric 
motors). Higher speeds can be used 
if good lubrication, close alignment 
and freedom from dirt are _pro- 
vided (e.g., refrigerator compres- 
sors). If such conditions are not 
maintained, operation is unreliable 
and seizure may occur suddenly and 
produce severe shaft damage. 

Steel bushings and bearings are 
occasionally employed because of 
their low cost and easy machin- 
ability. They are used as guide 
bushings and as _ lightly loaded 
journal bearings where loads are 
kept below 200 psi and speeds are 
under 150 fpm. 


nates have exceptionally good bear- 
ing characteristics. They are noted 
for their low wear and coefficient of 
friction, their good compatibility, 
and their ability to operate well 
with oils, greases or water. Because 
of their high resiliency they stand 
up well under severe impact and 
shock loads. Also, they require less 
machining than metal bearings. 
Phenolic bearings can carry loads 
up to 7000 psi in semistatic applica- 
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tic such as electrical switchgear, 
hut in heavy duty service they must 
he well cooled with an adequate 
” y of water or lubricating oil to 
away frictional heat. Heat 
ated in phenolic bearings is not 
ly dissipated because of the 
macerial’s low thermal conductivity. 
cause of their good mechanical 
properties, reinforced phenolics are 
frequently used as structural bear- 
ings in small devices such as clock 
motors, electrical panels and appli- 
ances. They can also be used in 
larger bearings such as rolling mill 
roll neck bearings, and marine and 
pump bearings. In the larger sizes, 
larger clearances than normal must 
be provided to allow for swelling 
and warping of the material when 
it is immersed in water. In some 
seals and water bearings, the cotton 
cloth filler is replaced with asbestos 
to provide greater stability. 
Nylon 
As shown in Fig 1 and Table 3, 
nylon bearings perform 
ally well with little or 
tion. However, 
must be kept below certain limits 
so that the surface of the material 
does not melt. As shown in Table 10, 
melting point of the material is 
485 F. If melting occurs, the nylon 
has a strong tendency toward pick- 


exception- 
no lubrica- 


loads and_ speeds 


TABLE 10—-PROPERTIES OF NYLON: 
AND TEFLON BEARING MATERIALS 











Material =» Nylon* | Teflon 
Melting Point, F.. 485 | 620 
Coef of Ther Exp, °F.. 5.5 x 10-® | 5.6.x 10-55 
Ther Cond, Btu/hr/sq ft 

F/in. ne 1.7 1.7 
Hardness 

Rockwell. ............ R118 R25 

ee 6.5 2.8 

Durometer............ | D50-65 
Tensile Strength, psi | 

Ree eo! 5,000 

Gh oC 9,300 3,000 

ree 6,000 1,500 
Compressive Strength (1% 

er 2,500 | 600 
Fatigue Endurance Limit, 

psi 

ER ee 3,000 760 

2a 2,000 — 
Max Rec Svc Temp, F 

Continuous............ 170°¢ 500 

litermittent.......... — 670 








"Values given are for Zytel 101 (FM-10001) 
conditioned to average air exposure. 
*Transition point at 70 F results in linear 
increase of 0.004 in. per in. 

‘For continuous use at temperatures above 
170 F a heat stabilized composition is rec- 
ommended which retains properties for 
Over 50,000 hr at 250 F, and for 2000 hr 
at 300 F. 






Synthane Corp. 


phenolic bearings 


Cotton-base 
have low coefficient of friction and 
long life. They are unaffected by oil. 


up on a shaft and produces rapid 
self-destruction. 

Nylon is harder, stronger and 
more resistant to abrasion and de- 
formation than Teflon at room 
temperature. However, the reverse 
is true at elevated temperatures. 
(For further information see 
“Teflon and Nylon Bearing Ma- 
terials,’ MATERIALS & METHODS, 
Mar ’56, p 100.) 

Cold flow of nylon can be a prob- 
lem in moderate load applications 
where accurate dimensional control 
is required. However, this difficulty 
can often be minimized by using a 
thin liner of the material in a well 
supported metal sleeve. Use of 
nylon in thin sections also minimizes 
the problem of heat dissipation 
which results from the material’s 
low thermal conductivity. 

Nylon is used for small, lightly 
loaded bearings in appliances, toys, 
and photographic and food process- 
ing equipment, and in mechanisms 
operating in water, milk, gasoline 
and solvents. Also, nylon has re- 
placed wood and other bearing ma- 
terials in many household applica- 
tions. Examples are the supporting 
wheels for appliance drawers, 
shelves and baskets, and supports 
for traverse rods and sliding doors. 
Teflon 

The most important characteris- 
tics of Teflon for bearing applica- 
tions are its corrosion resistance 
and its low coefficient of friction. 
The friction coefficient can be as low 
as 0.04 or even lower; this com- 
pares with values of 0.09 to 0.12 for 
such familiar dry lubricants as 
molybdenum disulfide and graphite. 
As shown in Table 10, the compres- 
sive and tensile strengths of Teflon 
are not as great as for nylon. How- 
ever, Teflon has good high tempera- 
ture stability; it can be used con- 
tinuously up to about 500 F, and 





intermittently up to 620 F. 

Teflon is soft and tough and will 
embed most hard foreign particles. 
Under relatively light loads and low 
speeds, unmodified Teflon has ade- 
quate wear resistance. Under severe 
conditions, reinforcing materials 
such as graphite or powdered glass 
provide additional wear resistance. 
Teflon-glass combinations have 
shown wear rates 100 times better 
than unfilled Teflon. Although filled 
Teflon has a somewhat higher co- 
efficient of friction and better re- 
sistance to deformation than unfilled 
material, the addition of reinforcing 
materials does not greatly alter its 
physical properties, Unmodified 
Teflon should be used at PV values 
below 1000 when applied over a 
wide range of loads and _ speeds. 
Filled combinations can be used at 
PV values as high as 5000. Higher 
values can be used at low speeds. 

Teflon has also been used with 
good results in a composite bearing. 
This bearing consists of a tin-plated 
steel backing on which is sintered a 
thin lining of spherical bronze im- 
pregnated with a mixture of Teflon 
and lead. This composite bearing 
has several outstanding advantages, 
including: 1) the high wear resist- 
ance of  lead-filled Teflon and 
bronze, 2) low coefficient of friction, 
3) the high thermal conductivity of 
bronze, 4) the low thermal expan- 
sion of bronze and steel, 5) high 
strength (compressive yield strength 
is 46,000 psi) and hardness, 6) a 
usable temperature range from 
-328 to +536 F, and 7) high re- 
sistance to chemicals and corrosion. 


Other nonmetallic 
materials 


Carbon-graphite 

Carbon-graphite bearings are dis- 
tinguished by their inherent lu- 
bricity and high wear resistance at 
high temperatures where lubrication 
cannot be provided. Because of their 
self-lubricating properties they can 
be used in contact with low viscosity 
fluids such as water, gasoline, solv- 
ents and refrigerants. Typical ap- 
plications are water and gasoline 


pumps, submersible motors, oven 
and furnace conveyors, telephone 
switchboard equipment, and high 


temperature bushings for aircraft. 

Carbon-graphite bearings are 
made from finely ground powders 
of coke, carbon and graphite mixed 
with a pitch binder. The powder is 
molded under high pressure to con- 
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Uv. 
Carbon-graphite bearings possess 
inherent lubricity which allows them 
to be used in contact with low vis- 
cosity fluids such as water, gasoline, 
solvents and refrigerants. 


trol porosity, and the molded piece 
is then fired at a high temperature 
to bond the materials and form the 
final structure. After firing, the 
bearing may have a porosity of 5 to 
20%. The pores can be filled with a 
phenolic resin, oil, or metals such as 
silver, copper, bronze, cadmium or 
babbitt. Within this broad range of 
composition, bearings can be pro- 
duced with a wide variation in hard- 
ness, strength and _ performance 
characteristics. The wide variations 
obtainable in compatibility proper- 
ties are shown in Table 4, it is rec- 
ommended that PV values of carbon- 
graphite bearings be held below 
12,000 to 15,000 when dry and 
150,000 when lubricated. 


Aluminum oxide ceramic materials 
can be used where a very hard and 
wear resistant bearing surface is 
needed. 


Norton Co. 






















S. Graphite Co. 


Several precautions must be ob- 
served with carbon-graphite bear- 
ings. Although they are reasonably 
strong and resilient, they are easily 
chipped or cracked if struck on an 
edge or corner, or if they are sub- 
jected to high thermal, tensile or 
bending stresses. For these reasons, 
and because of their extremely low 
coefficient of expansion (about one- 
fourth that of steel), carbon-graph- 
ite bearings are often shrunk into 
a metal sleeve. Wherever possible, 
sharp corners at the edges of bear- 
ings or in keyways should be avoided 
because they produce stress con- 
centration which can result in crack- 
ing. 

Rubber 

Rubber bearings are particularly 
well suited for use in water and 
have provided excellent performance 
on the propeller shafts of ships and 
in hydraulic turbines, deep well 
pumps, gravel washers and other de- 
vices. The softness and resilience 
of rubber allow sand and dirt parti- 
cles to pass right through the bear- 
ing-journal interface. In water 
bearing applications, rubber also 
provides low friction, resists abra- 
sion quite well, is shock absorbent, 
and provides long life. 

Rubber bearings are often made 
in the form of longitudinal strips 
which are supported in a metal 
shell. This construction allows the 
shaft to be carried on the edges of 
the flutes which run the length of 
the bearing. Water circulating be- 
tween the strips cools the bearing 
and flushes away any foreign mat- 
ter. The maximum load that can be 
applied to the rubber is about 50 
psi. 

Wood 

Lignum vitae, oak and oil-impreg- 
nated maple have been extensively 
used as bearing materials for many 
centuries. Wood bearings have good 
self-lubricating properties and long 
life, are clean in operation, and are 
low in cost. Wood has been replaced 
in many applications by other non- 
metallic materials; however, it can 
be used to great advantage in spe- 
cialized applications. 

Wood is still being used at tem- 
peratures up to 150 F. Most of these 
applications are under wet operating 
conditions, as in food processing and 
chemical plants. Wood is also used 
in some conveyor, machinery and 
marine applications. 


Carbides and ceramics 
Pressed and sintered particles of 
tungsten carbide in a cobalt matrix 


provide a very hard (about Rock 
C80) and wear resistant bea 
material. The material has a | 
modulus of elasticity and rigi 
and can be given an excellent 
face finish, With this combinatio 
properties, clearances can be 

to a few ten-thousandths of an 

for accurate location of journal] 
devices such as high speed preci 
grinders. 

The extremely high wear re; 
ance of the material has also made 
it useful in pivots, cams and othe; 
sliding surfaces under high loads. 
Although high hardness is_ not 
normally regarded as a desirable 
property in bearing materials, ce- 
mented carbides have solved some 
difficult bearing problems where 
softer materials proved inadequate. 

Fused aluminum oxide and boron 
nitride ceramics are also occasion- 
ally used where a hard and wear 
resistant bearing surface is needed. 
However, aside from specialized 
uses, wide-spread application of 
ceramic bearings is unlikely because 
of their poor compatibility and con- 
formability, and their high cost. It 
is possible that ceramic-coated meta] 
bearings may have some future ap- 
plication. 
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Nearest Corresponding Specification | Composition, % 
Specification | | 7 -—_ | : a ~ ey | 
(s=supersedes) SAE | AISI AMS Ca Mne | Sis | Nib Crb Mob Other Form 
). S. MILITARY SPECIFICATIONS 
MIL-$-853A (Ships)|Class 1, Types A, B, C..]30304 (304 5639 0.08 2.0 1.0 8.0 | 18.0 — | Bars and forg- 
MIL-S-853 (Ships)|Class 2, Types A, B, C. 130302  /302 |5636A, 5637A 0.09-0.20} 2.0 1.0 8.0 | 17.0 -- | ings (except 
\Class 3, Types A,C,E,F.51410 (410 |5613C 0.15 1.0 1.0 | 0.6 max |11.5-13.5) 0.6 for reforg- 
\Class 4 eevee f91430 = 1430 5627 0.12 1.0 1.0 | 0.5 max |16.0-18.0) 06 | ing; for re- 
Class 5, TypesA,F.....}51420 [420 5620B, 5621 0.30-0.40} 1.0 1.0 | 0.5 max |12.0-14.0) — | : forging bars 
Class 6, Types A,C,E...{51416 /|416 |5610E 0.15 1.2 1.0 | 0.5 max |12.0-14.0) 0.6¢ (See spec and billets 
Class 7, Types A, B, C. .]30303F (303 |5640E, 5641A, 5742 0.15 2.0 1.0 9.0 17.0 0.75¢ |Zr 0.75 maxe see MIL-S- 
Class 8, TypeA 30321 or |321 or | 862A) 
30347 | 347 (|5645F, 5646D 0.08 2.0 1.0 8.0 17.0 — |Ti5xCminorCb-Ta 
| 10xC min 
Class 9, Types A,C.....]30317 {317 0.10 2.0 1.0 10.0 |16.0-18.0 2.0 . 
Class 10, Types A, E, F.. {51431 431 |5628B 0.20 0.8 1.0 | 1.25-2.0 |15.0-17.0} — 
Class 11, TypeA...... 30310 {310 |5651C 0.25 2.0 2.0 19.0 |24.0-26.0) — - 
Class 12..............900820 [325 | 0.50 0.4-0.8 |0.5-2.0} 19.0 6.5 - -- 
Class 14, Types A, E, F _ — | 0.08 0.7 | 0.75 | 4.0-8.0 |16.0-18.0) e — 
MIL-S-854 (Ships) |Class1,CondA........ 30304 | 304 9513 0.08 2.0 10 | 80 180 | — Plate, sheet, 
Amend 4s 47S20 |Class 2, Cond A, B, C, strip, 
(INT) D,E 30302 /|302 5515C, 5516E, 5517D, shapes 
5518C, 5519E 0.09-0.20} 2.0 1.0 8.0 17.0 — | ~~ 
Class 3, CondA........ 51410 {410 5504C 0.15 1.0 1.0 | 0.8max |11.5-13.5) — | — 
Class 4,CondA........ 51430 {430 - 0.12 1.0 1.0 | 0.6 max |16.0-18.0;} — | - 
Class 8, Cond A 130321 or |321 or | 
30347 | 347 (|S510E, 5512B 0.08 20 | 1.0 8.0 17.0 — |Ti 5xC min or Cb 
| 10XC min 
Class 9, Cond A 30316 (316 5524B 0.10 2.0 1.0 10.0 |16.0-18.0) 2.0-3.0 | — 
] Class 11, Cond A 30310 (310 '5521B 0.25 2.0 2.0 19.0 (|24.0-26.0; — | — 
MIL-S-861A(Ships)| Class 403 — |403 0.15 1.0 0.5 —  |11.5-13.0/See spec| — Bars 
s MIL-S-861 (Ships)}Class 410 51410 = {410 5613C 0.15 1.0 1.0 — j|11.5-13.5) — — 
Class 405 — {405 - 0.08 1.0 1.0 — 11.5-13.55 —  {At0.10-0.30 
: Class 422 Rae ; — - 0.18-0.23} 10 1.0 | 0.5-1.0 12.0-14.0 0.75-1.25 V0.20-0.50,W 0.75-1.25 ed 
MIL-S-862A s MIL- [Classes similar to MIL- Bars and bil- 
S-862 (Sh , iets (f - 
settee S-853A (Ships) See MIL-S-853A (Ships) Analyses similar to those shown for MIL-S-853C (Ships) st - 
only) 
MIL-P-1144A Comp ares 30304 (304 0.08 2.0 0.75 8.0 18.0 | — | Seamless and 
(Ships) used in lieu |Comp 316 30316 (316 0.08 2.0 | 0.75 11.0 16.0 |1.75-2.50) welded pipe 
of JAN-P-1144 Comp 321 or 347 30321 or |321 or 
30347 | 347 0.08 2.0 0.75; 9.0 17.0 — |Ti5xC minor Cb-Ta 
| 8x<C min 
MIL-$-4043 . — |304L |5511A 0.03 2.0 1.0 | 8.0-11.0)18.0-20.0} 0.5 Plate, sheet, 
(USAF) Amend 1 | strip 
MIL-S-5059A Comp 301 . 130301 1301 |5515C, 5517D, 5518C, | 
(ASG) Amend 1 5519E 0.12 2.0 1.0 6.5 17.0 0.5 | Plate, sheet, 
s MIL-S-5059 Comp 302.............|30302 {302 5513, 5516E 0.12 2.0 1.0 | 8.0-11.0)17.0-20.0; 0.5 — strip 
I ais 6s bees 8 30316 316 5524B 0.08 2.0 1.0 |10.0-14.0)16.0-18.0| 1.75 min — 
MIL-T-5695B — 30304 (304 5560C, 5565C, 5566C | 0.08 2.0 0.75 | 8.0-11.0)18.0-20.0) 0.7 - Seamless and 
(ASG) welded 
¢ MIL-T-5695A | tubing 
MIL-W-6713 Grade G, Cond A, B.....|30302 {302 5688C 0.12 0.2-2.5 |0.2-1.5 7.0 17.0 | -- Wire 
s AN-W-24 
MIL-S-6721A UES tas sxcnanans 30321 321 5510E 0.08 2.0 | 1.0 | 8.0-11.0]17.0-19.0) — 'Ti6<C min, 0.75 max|Plate, sheet, 
e MIL-S-6721 eee oe 30347 {347 5512B 0.08 2.0 1.0 | 9.0-13.0)17.0-19.0) — © 10X<C min, 1.15 strip 
max 
Comp Cb-Ta.......... 30347 (347 5512B 0.08 2.0 1.0 | 9.0-13.0|17.0-19.0| —  (|Cb-Ta10XC min, 
1.25 max 
MIL-T-6737A Comp 347.............[80347 [347 5575E 0.08 2.0 1.0 | 9.0-13.0)17.0-26.0| — Cb or Cb-Ta 10XC | Welded tub- 
) (ASG) Amend 2 min, 1.10 max ing 
8 MIL-T-6737 COMO SE). ....02.005..peeen S21 5576A 0.08 2.0 1.0 | 9.0-13.0)17.0-20.0) — {Ti5xC min, 0.75 max 
MIL-T-6845 -- 30304 304 5566C 0.08 2.0 0.75 8.0 18.0 0.5 - Seamless and 
Amend 5s AN-T-86 welded 
—_—_—__—_—_——| tubing— 
MIL-T-6846 - 30304 (304 5566C 0.08 2.0 0.75 8.0 18.0 0.5 — hydraulic 
Amend 1 s AN-T-43 
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Trans-Flo hose nozzle 

molded of Tenite Butyrate 

by The Vichek Tool Company, 
Cleveland 4, Ohio. 
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Four parts of 


TENITE BUTYRATE |, 


form this tough, 


lightweight nozzle 


Here’s a good example of how a switch to Butyrate plastic 
can mean an improved product, with savings in both mate. 
rial and manufacturing costs. 

Four parts of transparent green Tenite Butyrate make up 
this product. Assembled in an adjustable, leakproof fit, they 
form an attractive and durable hose nozzle which sells at 
a popular price. 

These four plastic parts, including the threads, were injec. 
tion molded in one quick operation. The “manufacturing” 
process consisted only of molding and assembly. By avoid. 
ing use of metallic parts, there was no casting, no forging, 
and no machining, even for the threads. 

And look how well Tenite Butyrate meets the performance 
needs: It is a tough plastic, virtually shatterproof and ready 
to take a good measure of abuse; yet, it’s light in weight. It 
resists corrosion and endures outdoor exposure over broad 
variations in temperature and humidity. Color is an integral 
part of the product and will not chip off or wear away. Tests 
show the assembled nozzle has withstood water pressures 
up to 500 psi. 

Remember this use of Butyrate whenever you need a 
tough, outdoor plastic, readily adaptable to design. Tenite 
Butyrate is available in a wide range of flows and colors 
for injection molding or continuous extrusion. Look into the 
design and economy possibilities offered by this versatile 
plastic. For more information on Tenite Butyrate or any other 
Eastman plastic, write EASTMAN CHEMICAL PRODUCTS, 
INC., subsidiary of Eastman Kodak Company, KINGSPORT, 
TENNESSEE. 


TEN 


BUTYRATE :ACETATE : POLYETHYLENE 
plastics by Eastman 


O 
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Government Specifications for Stainless Steel—continued 











Nearest Corresponding Specification Composition, % 
Specification 
(s =supersedes) SAE AISI AMS Ca Mn« Si Nib Cr Mo Other Form 
U. S. MILITARY SPECIFICATIONS—conti:iued 
MIL-S-7720 Comp 302 . 130302 302 5636A, 5637A, 5639 0.12 2.0 1.0 | 8.0-11.0 17.0-20.0 Bars, forging 
Amend 1 Comp 303S ..130303F (303 5640E, 5641A, 5742 0.12 2.0 1.0 8.0 17.0-20.0, 0.6 P+S min 0.18 stock 
s AN-S-771 Comp 303Se 30303F (303Se (5640E, 5641A, 5742 0.12 2.0 1.0 8.0 (17.0-20.0; 0.6 Se 0.15-0.35 
Comp 316 30316 316 5648B, 5649 0.08 2.0 1.0 |10.0-14.0'16.0-18.0)1.75-3.0 
MIL-T-8504 30304 304 5566C 0.08 2.0 0.75 8.0 18.0 0.5 Seamless and 
(ASG) Amend 2 welded 
s MIL-T-6846 | tubing 
| hydraul.c 
MIL-T-8506 30304 304 5560C, 5565C, 5566C| 0.08 2.0 0.75 | 8.0-11.0:18.0-20.0; 0.7 Seamless and 
Amend 1 welded 
tubing 
MIL-T-8606 Comp G347 30347 347 5571A 0.08 2.0 1.0 | 9.0-13.0 17.0-20.0 Cb or Cb-Ta 10xC 
( ASG) min, 1.00 max 
Comp G321 30321 321 5570F 0.08 2.0 1.0 | 9.0-13.0 17.0-20.0 Ti5X<C min, 0.75 max 
MIL-T-8808 Comp G347 .. .}30347 347 5571A 0.08 2.0 1.0 | 9.0-12.0:17.0-19.0' 0.5 Cb or Cb-Ta 10xC |Seamiess and 
min, 1.10 max welded 
Comp G321 30321 321 5570F 0.08 2.0 1.0 8.0-11.0|17.0-19.0 0.5 Ti5XC min, 0.75 max, tubing 
hydraulic 
MIL-S-17759 Cond A, B,C. H 17-10P 0.15 1.0 1.0 | 9.5-12.0)16.0-18.0 ; Bars, b llets, 
(Ships) forgings, 
; wire 
O MIL-S-17996 Class 1 201 0.20 50-7.0 1.0 | 3.5-5.5 |16.0-18.5 N 0.25 max Sheet, other 
(Ships) Class 2 0.15 13.0-18.5 1.0 | 1.0 max |14.0-18.0 wrought 
forms 
MIL-T-18063 Comp 304 30304 304 5560C, 5565C, 5566C; 0.08 2.0 0.75 8.0 18.0 Co 0.2 max Seamless and 
(Ships) Amend 1 Comp 304L 304L 5647 0.04 2.0 0.75 8.0 18.0 Co 0.2 max welded 
(for radioactive Comp 347 30347 347 5570F, 5575E 0.08 2.0 0.75 9.0 17.0 Cb 8XC min, 0.85 | pipeand 
Svc) max; Ta 0.10 max tubing 
Co 0.2 max 
MIL-S-18170 Comp 304 30304 304 5639 0.08 2.0 1.0 8.0 18.0 Co 0.2 max |Bars and forg- 
(Ships) Amend 3 Comp 304L 304L 5647 0.03 2.0 1.0 8.0 18.0 Co 0.2 max; Cb8xC ings (except 
(for radioactive min, 0.85 max for reforg- 
svc) Comp 347 30347 347 5646D 0.08 2.0 1.0 9.0 17.0 Ta0.10max,Co0.2max! ing) 
MIL-S-18171 Comp identical to MIL Plate 
(Ships) (for radio S-18170 (Ships) See MIL-S-18170 Analyses identical with those shown for MIL-S-18170 (Ships) Amend 3 sheet, 
active svc) Amend 3 (Ships) Amend 3 | strip 
MIL-S-18732( ASG) 51431 431 5628B 0.12-0.17' 0.3-0.8 |0.2-0.6) 1.5-2.5 |15.5-17.0 Bars 
s AN-QQ-S-770a 
MIL-S-25043A 17-7PH 5528, 5529 0.09 1.0 1.0 | 6.5-7.75)/16.0-18.0 Al 0.75-1.50 Plate, sheet, 
(ASG) strip 
AIR FORCE-NAVY AERONAUTICAL SPECIFICATIONS _ 
AN-W-24 Grade G 30302 302 5688C 0.12 0.2-2.5 |0.2-1.5, 7.0 17.0 Wire 
AN-S-757 Comp Ti 30321 321 5510E 0.08 2.0 1.0  9.0-12.0'17.0-19.0 Ti6xC min Plate, sheet, 
Comp Cb 30347 347 5512B 0.08 2.0 1.0 10.0-13.0 17.0-19.0 Cb-Ta 10xC min strip 
AN-QQ-S-770a 51431 431 5628B 0.17 0.3-0.7 (0.2-0.6 1.5-2.5 15.5-17.5 Bars 
Amend 1 
AN-S-771 CompG... .. (30302 302 '5636A, 5637A 0.12 | 2.0 | 1.0 | 8.0-11.0)17.0-20.0; 
Amend 1 Comp MCR 30316 (316 |5648B, 5649 | 0.10 | 2.0 1.0 (10.0-14.0 16.0-18. | 2. 0-3, 0 | — Bars 
: Comp FMS 30303F (303 5640E, 5641A, 5742 0.12 | 2.0 10 | 8.0 /(17.0-20.0) P+S min 0.18 
Comp FMP 30303F (303 (5640E, 5641A, 5742 0.12 20 | 10 | 80 /|17.0-20.0) -r iP+S min0.18 
O Comp FM Se 30303F (303  |/S640E, 5641A, 5742 | 0.12 | 20 | 10 | 80 17.0-20.0, 0.6 |Se0.15-0.35 
AN-QQ-S-772a  CompG 30302 see 5515C, 5516E, 55170, | | | | 
Amend 1 5518C, 5519E | 0.12 0.2-2.5 |0.2-1.5| 6.5 17.0 - Plate, sheet, 
Comp MCR 30316 316 I heated | 0.10 | eas 02-15 7. Vaden 0} 17.0 /1.75-2.5 strip 
| - — dain x | a . fl 1 
AN-WW-T-855 — 30304 304 '5560C 0.12 | 0.2- 2 5 0. 2 1. 5 “* 0 “170 Seamless 
Amend 2 tubing 
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sure its big 


... but not particularly big or unusual 


in Carlison’s production of stainless steel plate 


T was normal, but not easy, for Carlson specialists produced accurately and on time. Stainless steel is 

to handle this big plate. Type 304-L stainless, our only business, and we know it. That is why you 

it measured 7%"’ x 13114” x 452%” and weighed an can depend on Carlson to give you what you wail 
impressive 7923 pounds. And when this big one when you want it! Your inquiry is invited. 


landed at the customer’s receiving dock it was 
exactly what he wanted .. . right by chemical com- Ce (0) OV RESO MM ie 


cas is Se sitet Gee 8 Cis Senha 
ar 


specification and right to size. 


; ; . 126 Marshalton Road 
Whatever you need in stainless steel —big plates, THORNDALE, PENNSYLVANIA 
small rings, formed or cut-to-shape items —will be District Sales Offices in Principal Cities 


PLATES * PLATE PRODUCTS «+ HEADS « RINGS « CIRCLES * FLANGES *» FORGINGS « BARS AND SHEETS (No. 1 Finis) 
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Government Specifications for Stainless Steel—concluded 





Nearest Corresponding Specification Composition, % 


Specification | aap | | 
(s=supersedes) SAE AISI AMS | Sis Nib Crb 


AIR FORCE-NAVY AERONAUTICAL SPECIFICATIONS—continued 











AN-WW-T-858 30321 or 321 or '5570F, 5571A 0.10 0.2-2.5 0.2-1. d Ti 4XC min or Cb-Ta 
Amend 2 30347 | 347 8xC min 


FEDERAL SPECIFICATIONS 





| } | | 
00-W-4 3 lcomp FS 302. . 130302 (302 |5688C o.08-0.20 2. P oe 
\Comp FS 304.........{30304 (304 |5697 | 0.08 | 2. | 3 8.0-11.0}18.0-20.0} 
Comp FS 310.... 30310 310 0.25 YB Be 19.0-22.0|24.0-26.0) 
Comp FS 316.... . {30316 = |316 5690E 0.10 2. . 10.0-14.0}16.0-18.0} 2. 
Comp FS 410 51410 +410 0.15 l 
Comp FS 420 51420 420 >0.15 l 
Comp FS 430 51430 =| 430 0.12 l 


—  |11.5-13.5 
— |12.0-14.0) 
14.0-18.0 
Q0-S-763b ‘Class 202 202 | = 0.15 | 7.5-10.0) 
s QQ-S-00763a {Class 302 30302 [302 |5636A, 5637A | 0.15 | 20 
Rev 1 and Class 303 _130303F |303  |5640E, 5641A, 5742 0.15 | 2.0 
MIL-S-854 Class 303Se 30303F |303Se |5640E, 5641A, 5742) 0.15 | 2.0 
(in part) Class 304 30304 304 —|5639 | 0.08 | 20 
Class 304L — 304. |5647 0.03 | 20 
Class 205 30305 [305 | 012 | 20 
Class 309... 30309 [309 {5650 | 0.20 | 20 
Class 310... 130310 |310 ~—«(|5651C 0.25 | 20 
Class 316 30316 |316 |5648B, 5649 0.08 | 20 


a 
4.0-6.0 |17.0-19.0) —  |N0.25 max 
8.0-10.0/17.0-19.0} — | 
8.0-10.0/17.0-19.0] 0.6¢ |2r0.6¢ 
8.0-10.0/17.0-19.0} — |Se0.15 min 
8.0-12.0/18.0-20.0) — | \Bars, 
8.0-12.0|18.0-20.0) — | | shapes, 

10.0-13.0/17.0-19.0) — | forgings 

12.0-15.0|22.0-24.0| — | 
19.0-22.0/24.0-26.0) 

10.0-14.0}16.0-18.0| 2.0- 

10.0-14.0|16.0-18 0| 2.0-3. — 

11.0-15.0/18.0-20.0! 3.0-4. 
9.0-12.0/17.0-19.0) — |Ti5xC min 
6.0-8.0 |16.0-18.0) — |Tii.5 max, Ai0.5 max| 
3.0-5.0 |15.5-17.5) — |Cb-Ta0.15-0.4 
9.0-13.0]17.0-19.0) — |Cb-Tal0xC min 
4.0-5.0 |16.0-17.0| 2.5-3.25|N 0.07-0.13 
4.0-5.0 |15.0-16.0| 2.5-3.25|N 0.07-0.13 

11.5-13.0) — | - 

11.5-14.5) — /AI0.1-0.3 

11.5-13.5| — , 
}1.25-2.50|11.5-13.5 -- 
i 12.0-14.0 Zr 0.6 maxe 

12.0-14.0 Se 0.15 min 

12.0-14.0| | — 

14.0-18.0) — | — 

14.0-180; 0.6¢ /Zr 0.6 maxe 

- 14.0-18.0 = Se 0.15 min 

1.25-2.50/15.0-17.0| — | — 

116.0-18.0| 0.75 

16.0-18.0| 0.75 

16.0-18.0| 0.75 
16.0-18.0| 0.75 
16.0-18.0) 0.75 |Se 0.15 min 

23.0-27.0} — |N 0.25 max 

16.0-18.0} —  |N 0.25 max 
4.0-6.0 |17.0-19.0) — N 0.25 max 
6.0 16.0 — 


Class 316L te we 0.03 | 20 


Class 317 30317 {317 - 0.08 | 20 
Class 321... ..]30321 [321 | 5645F | 0.08 | 20 
Class 322 —  |17-7PH |5644 | 0.10 | 1.0 

Class 324... 17-4PH |5643C | 0.07 | 1.0 

Class 347... 30347 |347 —|5646D | 0.08 | 20 

Class 350 - f= 0.08-0.12/0.50-1.25 
Class 355 ; — 0.10-0.15|C.50-1.25 
Class 403... 403 | 0.15 | 10 | 
\Class 405 405 0.08 | 
\Class 410 51410 410 |5613C 0.15 | 
Class 414 51414 (414 = |5615B | 0.15 
Class 416....... 51416 |416 —|5610E | 0.15 
Class 416 Se _— '416Se |5610E 0.15 
Class 420 51420 |420 —|5620B, 5621 '>0.15 
Class 430 51430 430 5627 | 0.12 
(Class 430F 51430F |430F | 0.12 

i\Class 430F Se 430FSe - | 0.12 

Class 431... 51431 |431 |5628B 0.20 

Class 440A 51440A |440A [5631 0.60-0.75 
Class 440B —  |440B — 0.75-0.95 
Class 440C.. 51440C |440C |5630C (0.95-1.20 
Class 440F 51440F |440C |5632A '0.95-1.20 
Class 440F Se.........]51440F |440C |0.95-1.20 
Class 446.............]51446 446 | 

















Coo] Ce OSS SOSOSOSOSOSOSOSOSOSOOMUUMOOMOOOOUMOSOSCSOSOSCSOS 


QQ-S-00766b Class 201.... — (201 
Amend 1 Class 202......... — {202 
8 MIL-S-854 Class 301..... .{30301 = {301 — 
(in part) Class 302... , 30302 {302 5515C, 5516E, 5517D. 
5518C, 5519E, & 
Class 304 30304 {304 5513 uaa 
Class 304L..... ... — |304L |5511A} ft 
Class 305....... . 130305 [305 554A 
Class 309 30309 309 5523 
Class 310.............]30310 |310 5521B° ¢ 

30316 = (316 5524B} J) 
316L — 
30321 321 5510E} 


od 


8.0 17.0 
8.0 18.0 
8.0 18.0 
10.0 17.0 
12.0 |22.0-24.0) 
19.0 |24.0-26.0 
10.0 16.0 
10.0 16.0 
9.0 17.0 Ti 5XC min 
6.5-7.75 |16.0-18.0 Al 0.75-1.5 
9.0 17.0 Cb 10XC min, 1.1 | 
max 
9.0 17.0 Cb-Ta 10XC min, Ta 
0.1 max 
0.6 max }11.5-13.5 t — 
0.6 max |14.0-18.0 -- 
0.6 max |23.0-27.0 N 0.25 max | 


aMaximum, except where otherwise stated or range is shown. bMinimum, except where otherwise stated or range is shown. cOptional. 





Class 323 - | -— 
Class 347 ....]30347 (347 5512B 


| 


on ” ; 0.08 


can cell ell cual el all eel ee cl ee 
oooocoowoctoc oOo 


~~ 





51410 (410 | 0.15 
51430 |430 | _ 0.12 
51446 {446 _ 0.20 
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Courtesy Peter A. Frasse & Co., Inc. 
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A NEW WAY TO UPGRADE YOUR PRODUCTS: VINYL COATINGS 


BB Ry 












Highly decorative 
vinyl-coated string can 
make multicolor net 
bags and carry-alls. 





These weave 
patterns are made 
with 5 colors of 
vinyl-coated 
fibrous glass. 





Eye-catching “wrap” 


gift wrapping. 


for holiday packaging, 





This “deck chair’’* is covered 
with vinyl-coated string, 
woventoda 

high-style ‘‘net”’ that is 

tough, colorful, weather-proof. 











*Designed by British Chair Company, Miami, Flo. 


Colorful, “leather-y’’ coatings for STRING, ROPE or FIBROUS GLASS 


You can put a smooth, tough coat- 
ing of vinyl on rope, string, thread, 
or filaments of fibrous glass with a 
continuous dip and cure process us- 
ing a vinyl dispersion. The coatings 
transform these basic materials into 
something new, different, colorful 
with wider marketing potential. 


Tough vinyl “skin” up to 1/16” (60 


mils) thick can be applied by a single 
dipping. Color range is unlimited, 
and the toughness and flexibility can 
be controlled by the formulation of 
the dispersion. For sources of vinyl- 
coated string, rope or glass fila- 
ments—or for sources of ready-to- 
use dispersions for coating sheet 
metal, wire, expanded steel, or glass, 
write Monsanto. 


Organic Chemicals Division 
MONSANTO CHEMICAL COMPANY 
Dept. SP-5, St. Louis 24, Missouri 


Monsanto manufactures a wide variety of 
plasticizers and Opalon® resins for formu- 
lators of these high-quality vinyl dispersions. 


Monsanto 





@ 
Where Creative Chemistry Works Wonders for You 


For more information, turn to Reader Service card, circle No. 540 
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Before immersion in JP-4 jet fuel 
ordinary silicone (right) and nitrile 
silicone (left) look alike. 





During immersion ordinary silicone 
curls out of shape whereas nitrile 
silicone keeps its shape. 


After immersion ordinary silicone 
is distorted and swollen; nitrile sili- 
cone has about the same shape as 
before immersion. 


iti ous 


Nitrile Silicone — A New Rubber 
Resists Solvents, Is OK to 500 F 


@ A new silicone rubber has re- 
sistance to common oils, fuels and 
solvents, and is useful in the tem- 
perature range from -—100 F to 
over 500 F. The rubber, called 
nitrile silicone, is a product of 
General Electric Co., Silicone 
Products Dept., Waterford, N. Y. 
Charles E. Reed, general manager 
of the Silicone Products Dept., 
says the material will be commer- 
cially available before the end of 
this year. 

Potential uses 

Hoses, couplings, diaphragms, 
o-rings, seals and gaskets for use 
in aircraft, automobiles, railroad 
equipment, electrical devices and 
oil well equipment are some of 
the anticipated uses for nitrile 
silicone rubber. Specific applica- 
tions include: aircraft fuel tank 
sealants; automobile power steer- 
ing pump seals, crankshaft seals, 
brake parts and automatic trans- 
mission seals. Dr. Reed says the 
aircraft industry will probably be 
one of the primary users of the 
new material. 

Properties and cost 

GE’s nitrile silicone rubber may 
replace fluorinated materials in 
some applications because it has 
three decided advantages over 
most of these materials: 1) it’s 
cheaper, 2) it’s easier to process, 
and 3) it has better mechanical 
and physical properties. 

Dr. Reed says the fluorinated 
silicones have presented “. . 
problems in processing and their 
applications have been limited by 





Molecular Structure 


GE scientists describe the de- 
velopment of nitrile silicone rub- 
ber as follows: The orgartic 
parts of a typical silicone rub- 
ber are methyl groups that are 
attached to each silicon atom 
in the molecular structure of 
the rubber. These methyl groups 
are non-polar and are similar to 
those found in gasoline, naphtha 
and oils. Silicone rubber has an 
affinity for such fluids and 
swells when exposed to them. 
This affinity is greatly reduced 
by replacing some of the non- 
polar methyl groups with polar 
nitrile groups in the molecular 
structure of the rubber. The 
result: nitrile silicone rubber. 

Basic research on the silicone 
rubber was done by Maurice 
Prober and Glenn D. Cooper 
of GE’s Research Laboratory, 
Schenectady, N. Y. A practical 
method for making the rubber 
into a useful form before mold- 
ing or extruding was developed 
by Ben A. Bluestein of the com- 
pany’s Silicone Products Dept. 
A pure nitrile intermediate is 
hydrolyzed, then polymerized, 
mixed with a filler and a vul- 
canizing agent, and heated in a 
mold. The material is then ready 
for molding or extruding. 





their relatively high cost.” For 
instance, a currently available 
fluorinated silicone rubber sells 
for $22 to $27 per lb compared to 
an introductory price of $15 per 
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Peas ars 


Extreme coldness of dry ice does not affect flexibility of nitrile silicone 


rubber (top) whereas a fluorinated hydrocarbon rubber (bottom) becomes 


stiff and brittle. 


lb for GE’s nitrile silicone rubber. 

Nitrile silicone rubber is said 
to have better high and low tem- 
perature properties than most 
fluorinated hydrocarbon materials. 
Fluorinated hydrocarbon mate- 
rials tend to soften and lose much 
of their physical strength at high 
temperatures. 

GE’s new silicone rubber is 
said to maintain good physical 
properties at temperatures from 


Thermoplastic Has Good Load-Bearing Properties 


@ A copolymer of ethylene and 
other monomers, specific composi- 
tion of which has not been re- 
vealed, has been developed by 
Celanese Corp. of America, 180 
Madison Ave., New York 16. 
The thermoplastic material, called 
Fortiflex B, is the first of a group 
of tailor-made polyolefin resins 
designed for long-time sustained 
load-bearing service. 


Biggest single use of the first 
polymer in the group will prob- 
ably be monofilaments for such 
products as rope and outdoor 
furniture webbing. Commercial 
quantities of the polymer are now 
being produced at the company’s 
Houston, Tex. plant. Other grades 
will soon be available for film, 
wire covering, pipe, blown bottles 
and paper covering. 
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—100 F to 500 F, and to have low 
volume swell in JP-4 jet fuel, 
ASTM Reference Fuel A (iso- 
octane) and ASTM Reference 
Fuel B (iso-octane and toluene). 
It also has low volume swell in di- 
ester fluids (MIL-L-7808), ASTM 
No. 3 oil and Type A transmission 
fluid after aging 70 hr at 300 F. 

The new silicone rubber is re- 
latively easy to handle and can 
be processed on ordinary rubber 





Ralph H. Ball, technical direc- 
tor of the company’s Plastics Div., 
says improved load-bearing prop- 
erties are created in the new 
thermoplastic material by adding 
branches of the proper type at 
proper intervals to the long, 
straight molecular structure of 
rigid polyethylene. These branches, 
he says, substantially reduce any 
tendency of the molecules to slip 
past each other under stress. 


A filament creep test was run 
on Fortiflex B and regular linear 
polyethylene samples under a 
dead load of about 25% of their 
tensile strength. The test shows 
that Fortiflex B elongates less 
than 10% and holds for 300 hr 
without rupture, whereas regular 
linear polyethylene elongates about 
50% and ruptures in about 100 hr. 
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fabricating equipment, according 
to GE. 
May compete with Vitron 
The closest competitive fiuor- 
inated material for nitrile silicone 
will probably be Du Pont’s Viton 
(a linear copolymer of vinylidene 
fluoride and hexafluoropropylene). 
Viton sells for about $15 per lb 
for gum and by the time it is com- 
pounded and fabricated its price 
is about the same as that for com- 
pounded and fabricated nitrile 
silicone rubber. In other charac- 
teristics Viton and nitrile silicone 
rubber are about the same, except 
that nitrile silicone can be used at 
temperatures down to —100 F 
whereas Viton can only be used 
down to —40 F or —50 F. (For 
more information on Viton, see 
M/DE, May ’58, p 166, and July 
’b7, p 96.) 








Arnold Eagle 
Wire coating is a potential use for 
Celanese Corp.’s polyolefin resins. 



























CUSTOM-COATED FINISHES 
FOR BETTER FORMABILITY 





in Bridgeport Pre-Painted Aluminum Strip! 


Bridgeport Pre-Painted Aluminum Strip not only insures an almost unlimited 

choice of colors, but provides a selection of five distinct types of finishes. Each finish offers an 
outstanding advantage or combination of advantages, such as unmatched formability, 
maximum exterior durability, eye-catching beauty and depth of color, or 

unusually attractive metallic appearance, 








Bridgeport Pre-Painted Aluminum Strip actually reduces 
overall costs by eliminating painting, as well as the need for 
equipping and maintaining a finishing department. 


GENERAL PURPOSE ENAMELED ALUMINUM STRIP 


HI-FORM ENAMELED ALUMINUM STRIP 


WOOD GRAIN ALUMINUM STRIP 


HI-FORM EXTERIOR METALLIC FINISH ALUMIN''M STRIP 


HI-FORM INTERIOR METALLIC FINISH ALUMINUM STRIP 


ASK YOUR BRIDGEPORT SALESMAN FOR ; BRIDGEPORT 





MORE INFORMATION AND SAMPLES! ALUMINUM STRIP 
He will gladly obtain our factory recommendations showing how you can also available in 
Save money on present production, improve existing products or adapt this material PLAIN and 
to new uses with imagination and maximum resulting sales appeal. MILL FINISHES 


BRASS 


seep BRIDGEPORT ALUMINUM 


HUNTER DOUGLAS ALUMINUM DIVISION 
Riverside, California «+ Telephone OVerland 3-3030 
Bridgeport Brass Company, Sales Offices in Principal Cities 


For more information, turn to Reader Service card, circle No. 491 
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@ Any ceramic material can be 
made into very thin corrugated 
or other high surface area struc- 
tures by using a newly developed 
fabricating technique. Ceramic 
shapes turned out by the process 
are said to be suited for extreme 
high temperature applications. 
The developer, Minnesota Min- 
ing & Mfg. Co., has not revealed 


4 


Continuous corrugated shape of 
magnesium aluminum silicate has 20 
corrugations per inch and is approx 
0.002 in. thick. Potential uses: heat 
exchangers and parts for automobile 


exhaust systems. 


’ 


Honeycomb shape of zirconium 
oxide (left) has 3? 
inch and is approx 0.020 in. thick. 


corrugations per 


Similar shape of bonded silicon car- 
bide (right) has 
inch and is approx 0.005 in, thick. 
Potential uses: high temperature, 
lightweight structures in aircraft 


7? corrugations per 


and missiles. The company says simi- 
lar shapes have been made for nu- 
clear reactor fuel elements. 


Ceramic Shapes Now Offer High Surface Area 


complete details of the fabricating 
technique, but it does say the 
technique permits rolling and 
forming ceramics much as metals 
are rolled and formed. Though 
ductile during fabrication, the 
ceramic shapes are no longer duc- 
tile after fabrication. 

The technique permits for the 
first time, 3M says, the fabrica- 

























tion of ceramic heat exchanger 
units, catalyst supports and light- 
weight structural units—construc-. 
tions which heretofore could be 
made only of metals. 

The ceramic shapes are in lim- 
ited production at American Lava 
Corp. (a 3M subsidiary), Chero- 
kee Blvd. & Manufacturers Rd., 
Chattanooga 5, Tenn. 



































TFE-Bronze Bearing Material 


@ A dry bearing material incorpo- 
rating filled TFE, woven bronze 
wire mesh and a plated steel back- 
ing is now commercially available 
in a variety of shapes and forms 
from Dixon Corp., Bristol, R. I. 
(For information on another dry 
bearing material, see M/DE, Sept 
58, p 150.) 





This article is based on a paper by Robert 
Rulon Miller, Dixon Corp., and Sidney Low 
and Saul Ricklin. consultants for Dixon Corp. 


According to the producer, bear- 
ings made of the material, desig- 
nated Rulon S-Liner, have been 
run continuously without lubri- 
cation for over 1000 hr at PV 
values of 20,000 and _ intermit- 
tently at PV values of 40,000. 
These values compare with PV 
ratings of 3000 to 5000 for filled 
TFE, 500 to 2000 for nylon, and 
1000 for unfilled TFE under simi- 
lar conditions. 

(continued on p 144) 


BEARING CHARACTERISTICS OF RULON S-LINER 























| 

Running Total Temp Bearing 

PV= Load, psi Time, hr Wear, in. Rise, °F Condition 
I Ak eee 0.009 275 ~—_—| Worn through 
ae ak aks ee 0.009 275 Worn through 
4 ee RE is canis 0.008 125 Worn through 
A L ae. oak sns 0.003 90 Still running 
0 RS roy re a 0.0025 45 Still running 





aLoad per sq in. of | 2aring area times velocity in fpm. 
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Special Service 
Offers ‘‘One Source’’ Responsibility 
And Improved Economy 


What do your specs call for . . . intricate shapes, 
simple shapes, natural fibers, synthetic fibers, volume 
production or short runs? 

In any case ... consult American Felt Company firsr 
... you'll be better able to meet your work schedules and 
operating requirements! American’s cutting shops are 
nearby ... have the facilities and abilities . . . and materials 
needed to fulfill a// your requirements. Choose from indus- 

try’s largest line of high quality Felts, including: Feutron 
Felts, world’s first 100% synthetic fiber Felts, Windsor 
Felts, “K” Felts and many, many others. 

With American there’s no extra handling, no days lost in 
shipping from one place to another . . . you benefit from 
lower ultimate costs, higher precision parts and greater service 
...the important results of over 41 years of cut part “know- 
how” and experience. 

Write today, please mention your cut part end use or include 
blueprint, for further information and quotations. For even 
faster service, call your local American Felt Company Office. 


Remember: American Felt Company has the most extensive 
and best equipped staff of product engineers in the Felt Industry 
with engineered materials for seals, wicks, filters, insulation, deco- 
ration. Write for information, please describe your application... 


General Offices and 
Engineering And 
Research Laboratories 
24 Glenville Road 
Glenville, Conn. 


For more information, turn to Reader Service card, circle No. 485 
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SAINT LOUIS 1, MISSOURI 


Quality Stee/ for Construction and Industry 
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Applications 

Sleeve bearings will probably 
the biggest single use for the 
material, according to Dixon. Rulo, 
S-Liner sleeve bearings can op: 
at both high and low temperatures 
and in corrosive atmospheres. |; 
addition to sleeve bearings, the ma 
terial is expected to be used for 
guides, slides, washers, gaskets, seals 
and packings. 

A typical application for the ma- 
terial is a bearing in a stirrer that 
is completely submerged in oleic and 
stearic acids, and in ethylene oxide 
at 375 F. In this application th 
TFE-bronze bearing has successfully 
performed for 2700 hr at 130 rpn 
with no sign of failure. Ball bear 
ings costing approximately $300 each 
were formerly used in the stirrer. 
Properties 

Wear resistance: A Rulon S-Liner 
bearing % in. in dia and % in. long 
was mounted on a steel shaft, loaded 
with weights to give various PV 
values, and run continuously at 1725 
rpm without any lubrication. Test 
results are shown in an accompany- 
ing table. 

They indicate that bearing life is 
limited to about 1500 hr at a PV 
value of 20,000 and to several thou 
sand hours at PV values of 15,000 
or lower. When run intermittently, 
at 40,000 PV, the bearing was still 
in good condition after 800 hr. 

The TFE-bronze bearing materia 
is said to give excellent service when 
run as a lubricated bearing. In one 
test, 4000 hr of operation were 
obtained at a PV value of 60,000 
without any sign of bearing deteri- 
oration. 

Heat resistance: Although Rulon 
S-Liner bearings are capable of 
operating at temperatures from 
-400 F to 550 F, care should be 
taken when using the material at 
high temperatures. 

Coefficient of friction: The bear- 
ing material has a coefficient of fric- 
tion of 0.15 to 0.20—about the same 
as for TFE. 


Availability 

The bearing material is available 
as standard rolled sleeve bearings 
and as sheet and strip in sizes up to 
6 x 12 in. The sheet can be cut and 
formed into half rounds, thrust 
washers and flanged pieces. 

The TFE-bronze bearing material 








revaryio 
Makes 


. yougher 





Photo of printed circuit—four times actual size 





This sound amplifying circuit, printed on Trevarno resin impregnated glass 
fabric, speaks up under conditions tougher than you can imagine. It operates at peak efficiency under the 
most severe conditions of vibration, heat and humidity in Navy submarines. That’s why it must have tough 
insulating backing that won’t shrink, swell or bend; resists temperatures of more than 500° F. Laminated 
of Trevarno epoxy impregnated glass fabric by the Mica Corporation, “Micaply” backs up printed circuitry 
produced by Etching Company of California for military craft both in the air and under the sea. If you 
want to make a product better Trevarno’s staff of experts is ready to help 
you develop new or special materials meeting the most exacting specifica- 
tions. Write Coast Manufacturing & Supply Company, P.O. Box 71, Liver- Siue Varno 
more, California. Sales offices: 4924 Greenville Avenue, Dallas, Texas; 635 Oi ARs cannes 
South Kenmore Avenue, Los Angeles, California; 114 North Main Street, 
South Bend, Indiana. Plants at Livermore, California and Seguin, Texas. 
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GRIPPING STORIES 


from the files of Angier Adhesives / 
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WL : 
> 
is also available without a 
. backing. Designated Rulon 
Liner, it can be bonded to o or 
materials by using solders or adhe. 
sives. The flexible Slip-Liner can }y 
formed into grooved or fla 
shapes. 
Copper Best Material 
for Buried Pipes, Tanks 
Copper seems to be the best mate- 
rial to use for pipes, cables, tanks 
and other structures that are to be 
buried under soil, according to a 
| recent report from the Nat‘ona| 
Bureau of Standards. The report, 
No. 2209, summarizes 45 years of 
c ase 0) e work by the Bureau in evaluating 
the corrosion resistance of ferrous 
| and nonferrous metals and coatings 
buried underground, 
0 A r r | tC f) In the Bureau’s prolonged field 
burial program, data were obtained 
| | on nearly 37,000 specimens repre- 
[) a S G N F n senting 330 varieties of materials. 
The specimens were exposed for 
| periods up to 17 years in 95 types of 
soil. The soils varied from soft peats, 
Ik was a tough job and “Rush”, but now he clays, loams and silts to coarse sands 
had it licked. All he needed was the adhesive that and gravels. Exhumed specimens 
would join the rubber component to the metal base. were treated in the laboratory to 
“No problem here,” he thought, as he specified the remove corrosion products, then 
rubber-to-metal formula that had been so successful in measured for weight loss and pit 
a previous job. depth. 
But fhere was a problem and it became How materials rate 
more and more apparent as one after another of Plain ferrous metals corroded 
the trial bondings failed. much more rapidly than all other 
Once on the case, an Angier man unravelled metals tested, except for — = 
the mystery in short order. He pointed out slight — corroded — than an alle poe 
but important — differences between the old product sulfate soil. U nalloyed Rees an 
and the new—in rubber compound used, in steels showed a high initial corro- 
end-product vibration and in heat and stress factors sion rate which decreased aor @ 
involved. He recommended an adhesive that was few eget v0 simost complete gel 
. ; , tion in well drained soils with high 
perfect in every respect and the designer met his apres - ; , ly 
deadline with two days to spare. resistivities. Corrosion reve “ = y 
' . , drained soils with low resistivities 
Turn to Angier first for job-tailored was nearly constant after the first 
adhesives that are developed, tested and produced | year or two. 
by experts to give you the most efficient product for | Alloy steels and irons were more 
every job at the lowest price per end-product unit. resistant to corrosion than plain 
ferrous metals. The alloying ele- 
Call or write today for 
rr complete information. 
tn eel, WATCH FOR ‘SELECTOR'—The second | 
edition of M/DE's Materials Selector 
INTERCHEMICAL CORPORATION —revised, expanded and updated— 
Finishes Division will be published later this month. 6 
120 Potter St., Cambridge 42, Mass. ater obeniomen. eee We the 
Midwestern Plant: HUNTINGTON, IND. 
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HEATLAN D 


FOR 
QUALITY 





WHEATLAND ELECTRIC WELD STEEL TUBING 


e Completely inspected — inside and out 
Tested for strength and bendability 
Uniform wall thickness 
Close concentricity of the |.D. and O.D. 
Extra clean surface 

















BANKERS SECURITIES BUILDING, PHILA. 7, PA. « MILLS: WHEATLAND, PA. DELAIR, N.J. 


For more information, turn to Reader Service card, circle No. 433 
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This part cast from a magnetic alloy, 
Hipernik®, cut production costs 80%. 


: CUT COSTS WITH 
_ INVESTMENT CASTING 
OF MAGNETIC ALLOYS 


Many of today’s alloys are difficult or impossible to 
machine or forge. Many magnetic parts and com- 
ponents are so intricate in shape that to machine 
them would require multiple set-ups. Investment 
casting minimizes machining costs, yet retains the 
magnetic properties you need. 

Westinghouse can provide castings of high-nickel 
magnetic alloys that retain comparable magnetic 
properties of wrought materials. With value and cost 
analysis so important, consider precision investment 
casting of your magnetic product components. 

Whether you need small quantities of prototype 
parts or production runs, the Westinghouse Metals 
Plant has the complete metal facilities and experi- 
enced engineers to help improve cost and quality of 
your component parts. For further details on Invest- 
ment Castings, ask for DB-52-500. Write Westing- 
house Electric Corporation, Materials Manufactur- 
ing Department, Blairsville, Pa. J-05006 


You CAN BE SURE...IF ITS Westi nghou Se 
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ments chromium and molybdenum 
were particularly effective in reduc- 
ing the corrosion of low alloy steels 
in the most corrosive site, a cinder 
fill. Austenitic cast iron was con- 
siderably more resistant to corrosion 
than plain cast iron. 

Copper and copper alloys showed 
the highest corrosion resistance of 
all metals tested. Soils, including 
cinders, with high concentrations of 
sulfides and chlorides were the most 
corrosive toward copper. 

Lead showed good corrosion re- 
sistance to soils high in sulfates, 
chlorides and carbonates. 

Galvanized coatings afforded pro- 
tection to iron and steel according 
to the type of soil in which they 
were exposed. Inorganic oxidizing 
soils required a 2-0z-per-sq-ft coating 
of zine for sufficient protection, 








Nylon for large extrusions—This 
nylon extrusion is made of a high 
melt viscosity material called Plask- 
on 8205. Developed especially for the 
extrusion of large shapes, the com- 
pound is available from Plastics 
and Coal Chemicals Div., Allied 
Chemical Corp., 40 Rector St., New 
York 6. Barrett says the nylon com- 
pound can be extruded at temper- 
atures ranging from 450 to 550 F 
into structural shapes, tubing, pipe, 
tape, rods and film. The compound 
is also suited for blow molding of 
bottles and containers. Molded Plask- 
on 8205 has an ultimate tensile 
strength of 12,000 psi, a flexural! 
strength of 14,000 psi, a Rockwell k 
hardness of 118, and a_ specific 
gravity of 1.13. 
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For over 25 years no 
satisfactory substitute 


\ 


ws wy / | has been found f 
M hd My), SPAULDING FIBRE 
¢ 


for these applications 


an 


For Cable Bushings 


When industry adds up the qualities of Spaulding Vulcanized Fibre, a he a mscgeene he a 


there is but one conclusion. For countless uses there is no substitute. plus abrasion resistance. 








No other material combines its forming, punching, insulating . atime 
and arc resisting qualities. None can compare with its machinability, amt] DLE 
low heat conductivity, compressibility, abrasive resistance 


and deionizing properties. For Lightning Arrestors 


. ° P . ‘ ‘ bec f i ¢ snuffin 
For light weight combined with mechanical strength, Spaulding properties and shock resistance. 


Vulcanized Fibre stands supreme. 
Its applications are endless. Its cost is low. Next time, 
look to Spaulding Fibre. Learn why it’s indispensable to industry. 


For Railroad Track End Posts 
because of its compression 


Our 5 Plants SP AULDING F IBRE strength and electrical insulation. 


and 
28 Branch 
Prong ~vonll COMPANY, INC. : 
Serve Every 314 WHEELER STREET 
TONAWANDA, N. Y. i 
4 . : 














WRITE US FOR ADDRESS OF | For Textile Bobbins 


OUR NEAREST SALES OFFICE because of its lightweight and 
smooth wearing qualities. 
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Chemically Inert | <gammadal 
Dry Bearing Material : 





Chemloy 719 is proving 
to be the most universal 
dry bearing material 
ever offered to industry: 


... because its ex- 
tremely low coefficient 
of friction invites use 
where lubrication is im- 
possible, impractical or undesirable. 


. . . because it may be used on both sliding and rotating 
applications over a wide temperature range. 


. . . because it is impervious to practically all known 
chemicals, solvents or corrosives. 


... because it is excellent under vibration or shock 
service conditions. 


.. . because it will not conduct electricity or cause gal- 
vanic corrosion. 


Chemloy 719 is available in all basic forms—such as 
sheet, rod or tubing—or in parts molded or machined 


i 


to specifications. Get full details. 


Request Bulletin T-120 and Price Sheet No. 126, 
or send b/p or specs. for quotation on 
molded or machined parts. 


CRANE PACKING COMPANY 
646. OAKTON ST., MORTON GROVE, ILL. (Chicago Suburb) 
In Canada: Crane Packing Co., Ltd., Hamilton, Ont. 


ols OE SR Ga Sa 


MECHANICAL PACKINGS SHAFT SEALS TEFLON PRODUCTS LAPPING MACHINES | THREAD COMPOUNDS 
CRA N E ae: Onn a Ce Oma Oo ee ae me 
For more information, turn to Reader Service card, circle No. 447 
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whereas inorganic reducing soils 
quired a 3-0z-per-sq-ft coating. 

Porcelain enamel coatings showed 
no signs of deterioration after 14 
years of exposure. 

Baked phenolic coatings showed 
marked superiority to air dried 
phenolic coatings in preventing pit 
formation in the underlying steel, 


Phenolic Resin for 
Missile, Rocket Parts 


A phenolic resin especially formu- 
lated for missile and rocket parts 
was announced recently by Reich- 
hold Chemicals, Inc., Plastics Div., 
White Plains, N. Y. The company 
says laminates made from the resin 
will withstand temperatures up to 
4500 F for brief periods, and tem- 
peratures up to 500 F for 100 hr 
and longer. 

The resin, designated Plyophen 
5900, is said to produce laminates 
having high strength at elevated 
temperatures; low moisture absorp- 
tion; good insulation properties; and 
good resistance to organic solvents, 
weak inorganic acids, hydraulic fluids 
and hot gas erosion. 

Laminates made from the resin 
have an ultimate flexural strength 
(flatwise) of 85,900 psi and a com- 
pressive strength (edgewise) of 60,- 
240 psi at room temperature. The 
laminates retain a flexural strength 
of 67,320 psi after aging 100 hr at 
500 F. (For information on other 
plastics for missile and rocket parts, 
see M/DE, June ’58, p 100.) 


Glass-Coated Steel 
Resists Thermal Shock 


An improved glass-coated steel 
with 30% greater resistance to 
thermal shock than a previous prod- 
uct has been introduced by Pfaudler 
Co., Div. of Pfaudler Permutit Inc., 
1072 West Ave., Rochester 11, N. Y. 
Tests show that the material, called 


- Glasteel 59, can be heated to 450 F 


and quenched in cold water without 
damage. Other glass-coated steels 
exhibited excessive crazing when 
tested under the same conditions. 
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VOTO- 
MOWER 





FORMS 
SEAT 


and 


SHROUD 





from 


YCOLAE, sneer 


HIGH-IMPACT THERMOPLASTIC RESIN 





se emi 
HERE'S WHAT CYCOLAC SHEET THIS IS CYCOLAC... 
MEANS TO MOTO-MOWER AND WHAT IT CAN DO FOR YOU! 
The Moto-Mower Division of Detroit Harvester Co. This family of single uniform resins is extremely 
designed a colorful, comfort-molded seat and a light- tough and versatile; extrudes readily, in profiles 
weight, long-lasting shroud for its Moto-Mower Power and sheets; easily injection molded and post 
Lawn Mower. Replacing costly, heavier metal in these formed. 


particular applications, Cycolac was greatly responsi- 
ble for the development of a lighter-in-weight power 
lawn mower. . . a more economical-to-manufacture, 
easier-to-sell unit, designed to take severe use and 
abuse in dependable stride. 


* Wide range of process properties 


Fast extrusion to accurate dimensions 


Nerve-free calendering to exact gauge 


Adjustable to all methods of sheet forming 


Cycolac Sheet Extruded and Formed by: 
Panelyte Division, St. Regis Paper Company, 
Richmond, Indiana Write for technical literature today! 


Readily injection molded in fast cycles 






PACESETTER IN Division of 


Lb BORG WARNER ¢ Washington, West Va. 
Ma r. Ori also represented by: 


| EMICAL WEST COAST: Harwick Standard Chemical Co., Los Angeles, Cal. 
CANADA: Dillons Chemical Co. Ltd., Montreal & Toronto 
SYNTHETIC RESINS EXPORT: British Anchor Chemical Corp., New York 
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(ew frome Y MODERN INDUSTRIAL PLASTICS, INC. 


Expanding and Modernizing to Better Serve YOU... 


ap 


molds and machines |éflon 


to your exact requirements 





Ring Seals and 
Piston Rings 


Specialized Experience—— 


assures effective evaluation of designs 
and production parts that will DO THE 
Riload SI 

"Bearing" JOB for you. MIP fabricates fluorocarbon 
plastics exclusively. 








Design— 

No possibility is overlooked in selecting 
the right combination of materials, design 
and manufacturing methods to yield the 
utmost in finished product performance 
and economy. 





Shaft Sleeve 
Bearings 


MIP’S Research * Development 
—always at your command. 





Production Facilities— 


Cup Seals A new modern plant—to mold, 
machine, skive, blend and grind. 


* Patent Applied For 
Rilon Holl-“0” Ring* ® Registered by DUPONT 





If it can be made of Teflon®, MIP can make it. 


MODERN INDUSTRIAL PLASTICS, INC. 
3337 NORTH DIXIE DRIVE « DAYTON 14 OHIO 
For more Information, turn to Reader Service card, circle No. 386 
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No cracks appear in Glasteel 59 
(left) after quenching in cold wate, 
from 450 F. Previous glass-coaied 
steel (right) cracked under thes: 
conditions. 


The glass-coated steel is said to 
resist attack by all acids except 
hydrofluoric. The company says the 
material can be used with acids at 
temperatures up to 325 F without 
corrosion damage, and at tempera- 
tures as high at 450 F under certain 
conditions. 

Biggest single use for the glass- 
coated steel will probably be chem- 
ical process equipment. 


New Silicone Improves 
Properties of Paints 


A new silicone resin has _ been 
developed by Silicones Div., Union 
Carbide Corp. to improve the color 
and gloss retention, thermal: stabil- 
ity and weather resistance of alkyd, 
melamine and acrylic baking enam- 
els. Called R-64, the silicone resin 
has a solids content of 65%, a vis- 
cosity of 15 to 50 centistokes, a 
flash point of 50 F, and a specific 
gravity of 1.08. The resin is ex- 
pected to find use as a base for 
aluminum paints that operate in 
the 500 to 1200 F range. 


Premixed Compounds 
Produce Rigid Foams 


Two urethane foam formulations, 
premixed in a two-part package, 
have been developed by Allied Chem- 
ical Corp., Plastics & Coal Chemicals 
Div., 40 Rector St., New York 6 to 
eliminate costly errors in the mixing 
of urethane foam formulations. The 
producer says maximum uniformity 
of foam cell structure and equal 
density of batches is insured because 
all the necessary ingredients are 











General Cable reports . . 


PROPERTIES OF “MYLAR” 
‘‘Mylar’’ offers a unique combi- 
nation of properties that may help 
you improve performance and 
lower costs of your product. Here 
are two of the many important 
properties for evaluation. 


HIGH TENSILE STRENGTH. “Mylar’ 

is strong and durable. Instron Tester shows 
an average strength of 20,000 psi. It’s 
dimensionally stable . . . resists moisture. 


HIGH DIELECTRIC STRENGTH. Aver- 
age of 4,000 volts per mil... average power 
factor of 0.003 to 60 cycles . 


New shielding assembly with Du Pont Mylar 
limits oil drainage ...restricts moisture pickup 


PROBLEM: ‘l’o provide an outer shielding 
assembly on General Cable’s high-volt- 
age, high-pressure pipe-type cable. The 
assembly had to resist oil drainage dur- 
ing shipment and storage as well as re- 
strict surface-moisture pickup during 
installation. 


SOLUTION: After extensive tests on vari- 
ous materials, General Cable Corporation 
adopted two new tapes for the outer 
shielding assembly . . . one tape was 
‘“Mylar’’* polyester film; and the other, 


U.S. PA 


BETTER THINGS FOR BETTER LIVING 


... THROUGH CHEMISTRY 


DU PONT 


MYLAR 


POLYESTER FILM 


a ‘“‘Mylar’’/foil lamination. 


RESULTS: General Cable tests showed that 
‘“‘Mylar’’ provided a tight, yet flexible, 
assembly and effectively reduced oil 
drainage. The high tensile strength and 
other excellent physical properties of 
“‘Mylar’’ permit its application to the 
cable under high tension. ‘“‘Mylar’’ re- 
stricts surface-moisture pickup when the 
cable is exposed to air during installation. 
““Mylar’”’ is not affected by the insulating 
oils ... has no plasticizer . . . will not 


contaminate other materials. 


How can “Mylar” help you? Whether 
you manufacture heavy-duty cable or 
tiny capacitors, it will pay you to evalu- 
ate the combination of properties found 
only in ““Mylar.’’ And when figured on 
an area basis, this tough, thin polyester 
film will often cost less than your present 
insulating material. For more detailed 
information, send in coupon. 


*“MYLAR” is Du Pont’s registered trademark for its brand of polyester film. 


E. I. du Pont de Nemours & Co. (Inc.) 


Film Dept., Room MM-10, Nemours Bldg., Wilmington 98, Del. 
Please send the new booklet listing properties, applications and 


Application 


types of ““Mylar’”’ polyester film available (MB-11). 
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WBD Precision 

Alloys are Meeting 

the Challenge of 
Industry's Most Unusual 
Applications 


In addition to the complete line of\precision resistance, chemical and 
mechanical alloys, Wilbur B. Drive. produces alloys for special pur- 
poses. These custom alloys, vacuummelted and processed into wire 
or strip, solve critical production probléms. This new service provides 
industry with complete engineering and ‘production facilities and fea- 
tures one of the nation’s largest vacuum-mielting installations. Ask our 


Sales Engineering Department 
for complete information. 









Precision alloys for all 
applications including — 


Nickel Chrome Filament and Grid 
Heat Resisting Beryllium Copper 
Low Temperature Coefficient Stainless Steel 
High Temperature Coefficient Pure Nickel 
Glass Sealing Monel* 





*T.M. International 
Nickel Co. 


— available in wire, rod, ribbon and strip 


— with insulations of enamel, Formvar, liquid Nylon, 
cotton, silk, Nylon and fibre glass 


WILBUR B. DRIVER CO. 


Main Office: NEWARK, N. J. * Tel. HUmboldt 2-5550 


For Over 40 Years Melters and Manufacturers 
of Precision Alloys for All Industries 





Mfg. Plants: 1875 McCARTER HWY., NEWARK 4, N. J. * 2734 INDUSTRIAL WAY, SANTA MARIA, CAL. 
In Canada: CANADIAN WILBUR B. DRIVER CO., LTD., 85 KING STREET EAST, TORONTO 1, CANADA 


For more information, turn to Reader Service Card, circle No. 387 
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accurately pre-measured into the tw, 
drums. 

One foam formulation, Plas)o) 
PFR 500, is specially formulated to 
produce maximum dimensional] 
bility when subjected to high tem 
peratures and high humidity. It js 
suitable for continuous service at 
250 F and intermittent service at 
300 F. 

The other formulation, PFR 501. 
is formulated to produce minimum 
density foams for use as low cost 
void fillers and in flotation applica- 
tions such as watertight chambers, 
PFR 501 is not designed for high 
temperature applications. 


Metallized Glass Fiber 
Is Lightweight, Tough 


Metallized glass fibers are said to 
be so light they float in ordinary 
air currents, yet so tough (when 
formed into thin mats) they can 
resist the impact from a projectile. 
The fibers were developed by Com- 
monwealth Engineering Co., 177] 
Springfield St., Dayton 3, Ohio. 

The new material is made by sub- 
jecting glass fibers to a special gas 
plating technique wherein nickel, 
chromium, copper and other metals 
are applied in a continuous opera- 
tion. The company says the process 
is being made available for license. 

Potential uses for the metallized 
fibers include missile parts and deco- 
rative household products. 


Soft Silicone Rubbers 
for Missiles, Aircraft 


Two new silicone rubber com- 
pounds especially suited for aircraft 
and missiles are available from Gen- 
eral Electric Co., Silicone Products 
Dept., Waterford, N. Y. 

SE-525 is a 25 durometer com- 
pound having a tensile strength of 
1000 psi, an elongation of 700% and 
a tear strength of 100 Ib per in. 
Potential uses include molded and 
extruded seals, low pressure gaskets, 
cushions and other aircraft par's. 

SE-567 is a 60 durometer com- 
pound with good flame resistance. 
Potential uses include airframe seals 
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New Protection 
For YOUR 
Equipment— 

At Temperatures 

Up To 3300F ¢ 





SR 











ALUNDUM* castables 
offer unusual 
advantages to all 
industries using 
high temperature 


installations 


The new Norton ALUNDUM Cast- 
ables are made in two types: 33-I In- 
sulating and 33-HD Heavy Duty. At 
temperatures up to 3300°F both 
types have been extremely successful 
in protecting high temperature proc- 
essing —- in many industries and 
many different installations. 

ALUNDUM 33-I Insulating Castable 
is made up primarily of pure alumi- 
num oxide bubbles, tiny and count- 
less. Forming a network of air spaces, 
it assures excellent insulation, even 
at highest commercial temperatures. 

ALUNDUM 33-HD Heavy Duty 


Making better products 


Will fire continuously up to 3300°F. This Harrop gas-fired furnace, 
recently developed by the Electric Furnace Division of the Harrop Ceramic 
Service Company, Columbus, Ohio, is particularly applicable to the firing 
of ceramic oxide bodies. Norton ALUNDUM 33-1 Insulating Castable 
selected for the inner lining of the furnace and its roof, provided com- 
pletely satisfactory protection under repeated tests at highest operating 


temperatures. 


Castable is chiefly composed of dense 
grains of pure aluminum oxide. It is 
recommended for forming dense mon- 
olithic surfaces in many types of fur- 
naces where high temperature condi- 
tions are particularly severe. 

Both 33-I and 33-HD Castables 
are very easy to store, mix and use. 
With them you can cast simple or 
complex shapes quickly and eco- 
nomically, replace more expensive 
pre-fired shapes, and cut mainte- 
nance and replacement costs to very 
lowest. Ask your Norton Represen- 
tative for details, and for the folder 


For more information, turn to Reader Service card, circle No. 409 





to make your products better 
NORTON PRODUCTS Abrasives + Grinding Wheels + Grinding Machines + Refractories + Electrochemicals — BEHR-MANNING DIVISION Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tapes 





























Two Norton Castables. Or write to 
NORTON COMPANY, Refractories 
Division, 349 New Bond Street, 
Worcester 6, Massachusetts. 


*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


REFRACTORIES 
Engineered... E. ... Prescribed 
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‘‘Magic’’ in... 


CERAMIC MAGNETS 


You can do things with 
Stackpole Ceramagnet you 
can’t do with conventional 
permanent magnets... and 
you can handle many or- 
dinary magnet applications 
better ... often at less | 
cost. Ceramic magnets have 
highest magnetic perma- 
nency. No keepers needed. 
They are electrically non- 
conductive, weigh less . . 
and offer numerous other 
application advantages. 





USED AS: 


Rotors @ Drive units @ Pole pieces @ Holding 
units © Magnetic shafts © Grippers ¢ Chucks | 
© Couplings @ lon traps @ Seals @ Arc i 
snuffers @ Centering devices @ TV “pin 
cushions’ @ TV field equalizers ¢ TV PM 
focusers . . . and many other uses 





Fuel pumps @ Motors @ Magnetic drives @ 
Door latches @ Clutches © Speedometers 
© Switches @ Toys @© Games @ Statuette 
- bases @ Utensil racks @ Novelties @ Desk 
= sets @ Generators @ Oil level meters @ 
Relays @ Electric blankets @ Butter warmers 
© Coffee makers @ Can openers @ Burglar 
os alarms @ Vending machines @ Submerged 
cae gas pumps @ Pressure gauges @ Float 
s meters @ Lightning arresters @ Key keepers 
© Inverter motors @ Pot holders @ Conveyors 
® Magnetos @ Microphones @ TV sets @ 
Magnetic separators @ Recorders @ Sonar 
devices © Gas pump starting switches . . . 
and hundreds of other things 




























WRITE FOR ENGINEERING BULLETIN RC-11A @ 


STACKPOLE CARBON COMPANY 
St. Marys, Pa. 


2 am 
gis (C1. MAGNET’ 
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and jacketing for wires and cables. 

Both compounds are said to have 
excellent handling characteristics 
and may be molded and extruded by 
standard techniques. 


Plastics Riveted 
by New Technique 


by Anthony Rufolo* 


A method for riveting plastics 
laminates to themselves and to othe; 
materials shows promise as a rela- 
tively high speed fastening method 
for a variety of plastics parts. The 
method, still in the experimental 
stage, uSes a conventional pneu- 
matic riveting gun in conjunction 
with a specially shaped steel dolly. 
Developed by researchers in the Ma- 
terials Laboratory of the New York 
Naval Shipyard, Brooklyn, N. Y., 
the technique uses aluminum rivets. 
Two-step operation 

After extensive laboratory investi- 
gation we developed a two-step rivet- 
ing method in which the point of the 
rivet is 1) flattened to approximately 
half its length, and 2) _ secured 
against the surface of the laminate 
by a special rolling technique. 

We had to rule out the conven- 
tional one-step operation because the 
riveting gun damaged the plastics 
laminate. In addition, hot steel 
rivets used in the one-step operation 
could not be used as they burned and 
scorched the laminate. As a result 
our study was restricted to cold 
aluminum rivets. We also had to 
use low forming loads because high 
loads damaged the plastics laminate. 
These were not severe restrictions 
since aluminum rivets have relatively 
high strengths, and low forming 
loads are permitted when designing 
structural plastics parts. 


How method works 

A conventional riveting gun de- 
livering 1680 blows per min and 
operating at 90 psi air pressure was 
used to drive aluminum rivets into 
test samples of glass cloth and glass- 
mat-polyester laminates. The pro- 
cedure is as follows: 

1. A riveting gun containing 4 





*The author is associated with the New 


York Naval Shipyard. 
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..-AND YOU BUY 


TROUBLE FREE 


You can avoid costly production delays due to 

Qu ALITY irregular grain size, temper, color, wall thickness 
and O.D. by specifying parts and tubing by 

7 H & H. Remember that H & H, by its use of a 
modern electric annealing furnace, by constantly 

applying the most stringent laboratory controls, 

by its careful in-process inspection of tubing 

sizes, gives meaning to the words “planned for 

precision”. They are your guarantee of tubing 


exactly as you want it. 
H & H TUBE AND MANUFACTURING CO. 


252 N. Forman Avenue, Detroit 17, Michigan © Offices from Coast to Coast 


= — ((o) On, © se 


METALFLO LOCKSEAM COIL STRIP SEAMLESS TUBING TUBULAR PARTS 


For more information, turn to Reader Service card, circle No. 486 
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New Star Performer In The Sandvik Line 


DAN DVT 
| & } \ ; | ( 
Presents A NS U i t a H van — 


Plastics 
laminate 





es SR egos point 




















Rivet head 
Fig 1—Stages in setting a rivet in 
a plastics laminate by using a two- y 
| step riveting technique. S 






" > 
Be ' s 
bs * 


SIV Oy 
oni STAIN &- 5. special button set is held at the head 


: of a rivet. 
——— 2. A steel bucking bar or dolly, 
Sandvik’s new 2R25 is a superior grade of stainless ground flat on one end, is held 


spring steel which goes far beyond the capabilities of Hardened & Tem- | lightly against the point of the rivet; 
ordinary spring steels. It was developed for applica- pered Spring Steel the dolly weighs 744 lb and measures 
tions where performance outranks cost. 1% in. in dia and 15 in. in length. 


This new steel is a prime example of Sandvik’s . 3. As the rivet is driven into the 
ability to combine several advantageous properties in | 
one metal. Sandvik 2R25 is exceptionally tough and = 


| plastics laminate the dolly is rolled 













resilient, much more formable than hardened and Annealed Spring over the rivet point by rotating its 
| tempered steel, has up to 10 times the fatigue life of Steel | Opposite end through a circular are 
ordinary carbon spring steel and has excellent corro- | approximately 6 in. in dia. Rolling 





sion resistance under varying atmospheric conditions. : | causes the rivet point to flatten 
‘ ' “inn quickly and easily. Uniformity of 

Mechanical Data on 2R25 — : : > circuls letermines the — 
TENSILE STRENGTH RANGE — NS Bw. panera peg ed “te _ 
Hard Rolled 242,000 * 270,000 or 299,000 PSI | roundness of the formed point. — 
Heat Treated 270,000 * 299,000 or 327,000 PSI | 4. When the point of the rivet is 


ELASTIC LIMIT (.01% Proof Stress) — From 


flattened to half its original length, 
156,000 to 192,000 PSI according to size and 


the dolly is reversed to bring the 


finish oe On 
MODULUS OF ELASTICITY — 27.7 to 35.6 x 10° PSI - special set to bear against the rivet 

according to size and finish Flapper Valve point. The circular motion is re- 
SIZES (with extremely close tolerances) Steel | peated to secure the rivet point 


Thickness —.0016” to .035”, Width—.039” to 3.94” 
For further information on Sandvik 2R25, 
contact your nearest Sandvik office. 


against the surface of the laminate. 
(The riveting operation is shown 





















Sandvik stocks a wide variety of qualities 
and sizes of cold rolled specialty strip steels. 
In addition Sandvik has rolling, slitting, 
edge-filing and hardening and tempering 
facilities. Send for your copy of this free 
brochure which gives specific data on the 
leading types of Sandvik steels. 


SANDVIK STEEL, INC. —— 
1702 Nevins Road, Fair Lawn, N. J. : 


Tel. SWarthmore 7-6200 * InN. Y. C. Algonquin 5-2200 Shock Absorber 
Brench Offices: Cleveland * Detroit * Chicago * Los Angeles Steel 
SANDVIK CANADIAN LID. P.O. Drawer 1335, Sta. O. Montreal 9, P. Q 
Works: Sandviken, Sweden 


























: - Fig 2—A %-in. rivet point leaves 
surface of a plastics laminate. 
\ 
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THERMAFLOW 
reinforced polyester molding compounds 


Thermaflow compounds offer new opportunities, as replacements 
for metals or other plastics, to reduce manufacturing costs, 
improve performance and save weight. They offer high strength- 
weight ratio, superior corrosion resistance, and excellent elec- 
trical properties. 


Mold them in standard compression or transfer presses at 275- 
350°F. at moderate pressures for uniform strength throughout. 


Write for catalog giving complete data and molding information. 
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900 
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12-24 | 20,000- | Good | Good | Fair | Self ex- >450°F | Excel. | high impact 


MIL-M-14E, 





surface 






























12-24 | 20,000- | Excel. | Excel. | Good | Slow 450°F | Good | best flow- 
25,000 chemical resistant 
10-18 | 17,000- | Fair Fair Fair | Slow 275°F | Fair vibration 
20,000 resistant 
10-16 | 18,000- | Good | Good | Fair | Self ex- 450°F | Excel. | high impact 
23,000 tinguishing electrical grade 
10-16 yg Fair Fair Fair Slow >500°F | Good | high temperature 


25,000 tinguishing electrical grade 
Meets Mil. Spec. 


Type MAI-60 
3.2 6,000 Good Excel. | Good | Slow 250°F | Good smooth, glossy 





ATLAC 382 POLYESTER RESIN 


special properties with conventional cure 


Exceptional chemical resistance and electrical characteristics at 
elevated temperatures (to 250°F.). High heat distortion point, 
reduced shrinkage. Low specific gravity. 


Available in styrene or as a dry powder. Applications include 
chemical tanks, corrosion-proof structural pieces, laminates, 
pre-mix compounds, electrical impregnant. 


Data and application sheets available on request. 


CHEMICALS 
DIVISION 






POWDER COMPANY 
WILMINGTON 99, DELAWARE 


In Canada: Atlas Powder Company, Canada, Ltd. 
Brantford, Ontario, Canada 


For more information, turn to Reader Service card, circle No. 389 
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These Nickel alloy experts 
CAN HELP YOU PRODUCE 
A BETTER PRODUCT 


Proper selection and use of the Nickel alloys is an exciting challenge 
to the skills of Riverside-Alloy’s technical service people. And the 
sum of these skills is available to you—at any time—simply by 
picking up the telephone. 


Riverside-Alloy engineers will work closely with you in choosing 
the Nickel alloy best suited for your product, analyzing not only 
the application, but the fabrication problems, as well. Only then 
will they recommend a Riverside-Alloy Nickel with the precise 
properties of temper and toughness, of fatigue and corrosion resistance 
you require. And they’ll supply it in the form you need, too, from 
a complete variety of strips, wires and rods. 


For a free, detailed handbook of Riverside- 
Alloy Nickel alloys, write on your letter- 
head to ALLOY METAL WIRE WORKS, 
RIVERSIDE-ALLOY METAL DIVISION, 
H. K. PORTER COMPANY, INC., 
RIVERSIDE, N. J. 








H.K. PORTER COMPANY, INC. 


RIVERSIDE-ALLOY METAL DIVISION 
For more information, turn to Reader Service card, circle No. 418 
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IN MATERIALS 


schematically in Fig 1). 
How rivets perform 

We drove rivets with differ 
point lengths (5/16, 3/8, 1/4 and 
in.) into polyester-glass cloth 
glass mat laminates to see how , 
the rivets performed. The *% 
aluminum rivet was the best, as it 
left no visible marks on the surface 
and its point was flat against the 
laminate (see Fig 2.) Other rivets 
showed surface degradation at the 
formed points and were irregularly 
secured against the surface of the 
laminate, 

We ran another test to determine 
how tightly the %-in. and other 
rivet points were embedded in the 
plastics laminate. The test consisted 
of cutting off the formed rivet points 
at the shank end, then pulling the 
rivet out of the laminate by using a 
special testing device. No mechanical 
failures of the rivets occurred, and in 
most specimens the rivets remained 
tight in the laminate. The average 
values of pull-out force are given in 
an accompanying table. 

How method was developd 

Our plastics riveting technique 
came out of experimental work in 
using a polyester-glass cloth lami- 
nate to insulate steel and aluminum 
from each other in submarine con- 
struction. A strong joint between 


) 
' 
U 





Fig 3—Kel-F bushings remain ir 
tact after riveting (top) and afte 
joint failure (bottom). 


























Oko! RIGITHANE FOAMS 


offer ideal properties 


for ease and versatility in fabrication 











New THIOKOL Rigithane resin is the ideal foam 
for insulating, sound absorbing and vibration 
dampening applications. This new foaming resin 
offers great formulating flexibility . . . gives you a 
wide range of densities and properties. Rigithane 
can be “foamed-in-place” either by pouring or 
spraying — and cures at room temperature. 





THIOKOL Rigithane foams combine extremely 
light weights with exceptionally high strength. 
Foams from Rigithane display excellent thermal 
insulation properties, as well as good sound dead- 
ening and vibration dampening characteristics. In 


Acokol. 


CHEMICAL CORPORATION 


780 NORTH CLINTON AVENUE + TRENTON 7, NEW JERSEY 


In Canada: Naugatuck Chemicals Division, Dominion Rubber Co., 
Elmira, Ontario 


®Registered trademark of the Thiokol Chemical Corporation for its liquid 
polymers, rocket propellants, plasticizers and other chemical products. 





For more information, turn to Reader Service Card, circle No. 383 


addition, Rigithane foams can withstand temper- 
atures up to 250°F with no degradation of phy- 
sical properties. And they adhere strongly to many 
materials, including metal, wood, glass and fabrics. 


As might be expected, Thiokol’s Rigithane foams 
are finding wide use in a great many industries. 
They are particularly useful for insulating curtain 
walls, acoustical ceilings, food freezers and insu- 
lated panels for “reefer” or refrigerated trucks, as 
well as in protective packaging and light weight 
molding applications. In Rigithane, Thiokol can 
provide a foam custom built for your needs. 


Trenton 7, New Jersey. 


THIOKOL Urethane Foams. 


Firm 


FOR MORE INFORMATION, mail coupon to Dept. 42, 
Thiokol Chemical Corporation, 780 North Clinton Avenue, 


Gentlemen: Please send me further details about 





Street 





City. State 





——— — — 


Your Name 
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TURCO Gets a Better, More Uniform Finish || 
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And Cuts Paint Cost 35% with 1 
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RANSBURG 


NO. 2 PROCESS 


Frequent color changes are sim- 
plified now in the painting of 
playground equipment with 
Ransburg Electro-Spray in this 
St. Louis plant. Long, tubular 
parts, as well as these smaller 
pieces, are uniformly coated 
with the Ransburg reciprocating 
disk. 





QUALITY IMPROVEMENT! That was Turco Manu- 
facturing’s chief reason for changing from flo-coat 
to electrostatic spray painting of their quality line 
of playground equipment. 

Not only is Ransburg No. 2 Process providing 
a higher quality, uniform coating on all parts, 
but Turco is saving 35% in paint cost! 





Simplicity in color change with Electro-Spray 
is another important advantage here. With Turco’s 
production methods, colors are changed 15 times 
in an 8-hour shift. Now, changes are made on the 
fly with no down-time. By contrast, the former 
“stop and go’”’ method would mean over an hour’s 
lost time in a day’s operation. 


NO REASON WHY YOU CAN’T DO IT TOO! 
Whatever your product, if it’s painted, we’d like 
to tell you more about the worthwhile savings 
and benefits which can be yours with RANSBURG 
ELECTROSTATIC PAINTING PROCESSES. Write for 
our No. 2 Process brochure which cites many ex- 
amples of electrostatic spray painting on a wide 
variety of products. 


Call or write RANSBURG 
Electro-Coating Corp. 
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PULL-OUT STRENGTH OF RIVETS 





Undriven Ult Pull-Out 

Laminate (PointLength,in.| Strength 

Polyester 

Glass Cloth %. 1900 
A6.. 2100 
ae 1800 
ae 2300 

Polyester 

Glass Mat Y%. 1800 
as ae 1400 
ee 1600 
Y . 1500 








the polyester-glass cloth laminate 
and dissimilar metals was achieved 
by fastening the laminate with %- 
in. aluminum rivets at the aluminum 
plate and %-in. mild steel rivets at 
the steel plate. The rivets were 
insulated with Kel-F bushings to 
absorb impact from the _ riveting 
gun (see Fig 3). 


Sintered Carbide Used 
for Hard Facing, Fillers 


Sintered tungsten carbide pow- 
ders for hard surfacing, abrasives, 
diamond settings, oil field tools, plas- 
tics dies and other applications have 
been introduced by Shwayder Chem- 
ical Metallurgy Corp., 684 E. Wood- 
bridge, Detroit 26. Called Mikro- 
carbide, the powders are composed 
primarily of sintered tungsten car- 
bide with small amounts of tita- 
nium and tantalum carbides in a 
cobalt binder. Hardness of the indi- 
vidual particles is said to be about 
91.5 Rockwell A. 

For hard surfacing the material 
can be applied by arc, gas or braz- 
ing techniques to form a_ surface 
said to be more abrasion and erosion 
resistant than the conventional cast 
carbide powders. The powders are 
said to be particularly useful as a 
filler in plastics dies. 


Permanent Magnets 
Are Lightweight 


National Moldite Co., 248 South 
St., Newark 5, N. J. has developed 
lightweight permanent barium mag- 
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Got a Problem? 
Let our Cleaning 
Specialists 
help you! 


0 ANODIZING, PLATING, 
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Alkalume AC#1 is a safe, easy to use, non-silicated liquid used at low concentra- 
tion with water. This latest addition to Northwest's outstanding line of specialized 


chemicals for use with today’s modern metals offers these desirable features— 


Non-alkaline, non-etch- 
ing, non-filming. 


Excellent as single stage 
cleaner for light soil. 


Economical to use. 
Unusually long service 


life. 


Non-hazardous, no offen- 
sive odor. 


No disposal problem. 


Gives uniform, unblotched 
brilliance. 


Wets out unusually well. 


ideal as follow-up to 
heavy-duty precleaner. 


Complete details will be sent upon request. 


"The name NORTHWEST means first with the best.”’ 
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YA 


NORTHWEST CHEMICAL C@. 


9310 ROSELAWN \ a ——_—_ a 0 cee ee 
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Conventional metals can no longer 
provide the solution to design, construction | 
and performance problems confronting | 
the aviation and missile industries, among | 
others. That’s why metallurgists and | 
technicians in Wallingford’s all-new labora- __ 
tories are constantly researching metals that 
will keep pace with the imaginativeness of 
designers and engineers. 


Now, Wallingford can deliver, from available 
stock, many of these stainless steels and 
super metals with special characteristics 
and properties: 





SUPER ALLOYS 


j : A 286 -AM 350 AM 355 
¢ M 252 N 155 R 235 V 36 
¢ 8 Rene 41 Zirconium (vacuum annealed) 


Hastelloy B, C and X 


Haynes 25 
. 19-9 DL 


FACILITIES FOR WIDTHS UP TO 27” — THICKNESSES DOWN 
TO 001 — EXTREMELY CLOSE TOLERANCES MAINTAINED. 


Whatever your requirements, Wallingford can 
help you. Write to The Wallingford Steel Co., | 
Wallingford, Conn. | 


THE WALLINGFORD STEEL CO. 


Progress in Metals for over 36 Years 


WALLINGFORD, CONN., U.S.A. 


COLD ROLLED STRIP: Super Metals, Stainless, Alloy 
WELDED TUBES AND PIPE: Super Metals, Stainless, Alloy 
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Shapes and sizes of Nationa/ 
Moldite’s permanent magnets. 


nets for a number of industrial ap- 
plications. The producer says the 
magnets contain no critical material, 
are non-conductive, do not rust, and 
are chemically inert. They also have 
good resistance to demagnetization, 
require no pole pieces, have good 
storage life, and can be magnetized 
either before or after assembly. 


Strong Epoxy Adhesive 


A one-component, ready - to - use 
epoxy adhesive developed by H. B. 
Fuller Co., 255 Eagle St., St. Paul 2, 
Minn. is said to form bonds of over 
5000-psi strength on aluminum and 
steel. Called Resiweld No. 105, the 
material hardens permanently when 
cured at a temperature of 350 F. 
According to the company, surfaces 
to be joined do not require clamping 
or other mechanical fastening dur- 
ing curing. 


Cold Forging Doubles 
Fatigue Life of Bolts 


Complete cold forging of large- 
diameter threaded bolts doubles their 
fatigue life, according to Cleveland 
Cap Screw Co., 4444 Lee Rd., Cleve- 
land 28, Ohio. 

Cold forged bolts were fatigue 
tested against hot forged and 
machined bolts. Results show cold 
forged bolts lasted 60,000 cycles as 
against an average of 31,500 cycles 
for hot forged bolts and 32,000 cycles 
for machined bolts. The cold forged 
bolts had a tensile strength of 92,900 
psi compared to 76,400 psi for hot 
forged and 80,000 psi for machined 
bolts. The company says cold forg- 














‘We Make | 
‘hem All- 


When you need standard fasteners, 

regardless of diameter or length, 
Bethlehem is ready to serve you. 

We make standard bolts and nuts 

in thousands of sizes. They’re all 
top-quality fasteners, and in good 
supply, with same-day delivery 

on many items. 
























BETHLEHEM STEEL COMPANY 
BETHLEHEM, PA. 


Ex 





MASALA LALLLLSST ite | 





seTHleHey 


STEEL 
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Useful Technical Data File... 


RGR ES ARE YER Ee 






DIAMONDS—SIGN 
OF FINISHING 
QUALITY 


on FAMOUS ALLIED PRODUCTS 


| For Finishing, Cleaning and Protection of Metals Giant bolts are cold forged. 

























’ ; ; ; ; 
Here’s a wealth of technical information gathered as a result of extensive ing retains the strength-giving grain 





| product research, development and use throughout the world. This flow of the fastener material (AISI 

comprehensive file explains and describes all products, gives applicable 1018) and eliminates scale and pos- 
: metals, appearance of film, purpose of products, typical applications, | sible decarburization in the head 
| U. S. Government specifications, method of application and test results. | area. 


| Cleveland is turning out cold 
qinikw The finishing industry's most complete line of chromate conversion coatings. | forged bolts in diameters of 7% to 


= tear ir a lasting paint base and widest choice of 1% in. and in lengths up to 10 in. 

ara i ive finishing on . : 

os 4 The bolts are available with either 
ZINC AND CADMIUM ALUMINUM CUPROUS ALLOYS MAGNESIUM SILVER hexagon or square heads. 


| @.CTp BRIGHTE N ERS Liquid and powder materials for barrel, still or automatic 


ZINC and CADMIUM plating. High chemical stability provides maximum quality at = s 
minimum cost. Liquids available in AUTO-FLO-PAK for economical automatic dispensing. Rigid PVC Sheet 


@ 
@-CID PROCESS CHEMICALS A rigid vinyl sheet said to havi , 


sui streng é sti Ss In i 
WETTING AGENTS DETERGENTS DYES FOR IRIDITE FILMS unusual strength and stiffne 








® light as well as heavy gages is being 
CLEANERS and DEOXIDIZERS Specially formulated to | produced under the name of Seilon 

provide maximum performance with IRIDITE coatings on aluminum and zinc die castings. TTT by Seiberling Rubber Co., Plas- 
N ae ee P on tebtiete 3 tics Div., Newcomerstown, Ohio. The 

“New method of protection incorporating corrosion inhibitors in a water- Pare se é ‘ovie SAO ly- 

Gilyi> soluble polymer base which dries to an extremely thin, tough, durable coating am . ; 1S bonwd of Pliov ic S5 ; bas : 
—clear in color. Does not chemically affect base metal or any post treatments. Used as a protective owe: oe . to oe ge : 
treatment alone or to enhance value of post treatments. Goodyear Tire & Rubber Co. Poten- 


tial uses for the sheet include vac- 
uum formed products such as lug- 
gage, signs, displays and maps. 
The rigid PVC sheet has a tear 
strength of 900 lb per in., a tensile 
Your Finishing Problems Invited strength of 6000 psi, a notched Izod 


. . f 
Our Research and Development Department will be happy to work with impact strength of 16.7 Ib per in. 0 


ini notch at room temperature, and 4 
you to develop a finish for your needs. heat distortion point of 158 F at 


Write now for your copy of Allied’s Technical Data File, or call your 
Allied Field Engineer for full information on Allied products. He's 
listed in your phone book under “Plating Supplies". 











264 psi. 
> Seilon TTT is supplied in calen- 
Allied Research Products, Ine. dered sheets in gages from 0.010 to 
4004-06 E. MONUMENT STREET 0.030 in. and in widths up to 60 in. 
BALTIMORE 5, MARYLAND It is also supplied in laminated 
sheets in thicknesses up to 1 in. «nd 
Manufacturers of IRIDITE®, IRILAC’’’', ARP® Brighteners and | in sizes up to 4 x 8 ft. Either sa‘!n 
Plating Chemicals — West Coast Licensee: L. H. Butcher Co. or embossed surfaces are availa‘: 







For more information, turn to Reader Service card, circle No. 403 


166 ° MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 


Atlas missile test tower 


MISSILE LAUNCHING VALVE COST 
REDUCED 30% WITH ESCO CASTING 


Problem: Fabricating high pressure gas tank butterfly valve bodies 
for missile component manufacturer Convair-Astronautics, San 
Diego, California, proved unsatisfactory. Consisting of wrought 
stainless steel flanges and tubes welded together and machined, 
valve costs were high. Weld seams were susceptible to intergran- 
ular corrosion and gas leakage. This was a critical installation as 
these units had to withstand test temperatures ranging from —65° 
to 500° F., at 2,000 vibrations per second and at stresses up to 
15 gravity units. 


Solution: The valve body was redesigned as a casting. One-piece 
design alloy steel improved strength and corrosion resistance and 
practically eliminated the danger of gas leakage. ESCO centrifugal 
You can simplify your design problems by calling casting technique permitted casting six 180-pound valve bodies 
on ESCO engineer today. simultaneously. Resulting savings in material and labor amounted 
to 30 per cent of previous costs. 


ELECTRIC STEEL 
FOUNDRY COMPANY 


2163 N.W. 25TH AVE. © PORTLAND 10, OREGON 


MFG, PLANTS AT PORTLAND, ORE. AND DANVILLE, ILL, 
Offices in Most Principal Cities 


ESCO INTERNATIONAL, NEW YORK, N. Y, 
IN CANADA ESCO LIMITED 


For more information, turn to Reader Service card, circle No. 410 
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a Bi nen aid 
Shown 1/18 actual size 


| How missile designers can use 


HACKNEY deep drawing methods 


Shown here are a few shapes, shells and missile components pro- 
duced at production-line speed by Hackney Deep Drawing Methods. 
They were designed to reduce weight without sacrificing strength, 
Save production or assembly time, and lower costs. 





If you wish to consider Hackney Deep Drawing Methods, keep 
in mind the following specifications and the fact that our engi- 
neers are available for consultation at any time. 


Shapes: Cylindrical, spherical, conical or tapered. 
Capacities: From 1 quart to 100 gallons. 
Diameters: From 3 inches up to 32 inches. 


Depths: Up to 110 inches. Two half-shells are easily welded for 
extra length or symmetrical design. Open ends can be closed by 
spinning to give an entirely seamless cylinder. 


Blank thicknesses: 16 gauge and heavier. 


Wall thicknesses: For working pressures up to 5000 psi in smaller 
diameters, up to approximately 400 psi in larger diameters. 


Metals: Steel, stainless steel, nickel, aluminum, magnesium, cop- 
per and many alloys. 


Send sketch and details of your problems to our Engineering Department. 


Pressed Steel Tank Company (722 


Manufacturer of Hackney Products 
1442 South 66th Street, Milwaukee 14, Wis. (hey 
Branch offices in principal cities mek 
CONTAINERS AND PRESSURE VESSELS FOR GASES, LIQUIDS AND SOLIDS 
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Glass-Epoxy Laminate 
Is Flame Retardant 


An electrical 


grade glass-epox, 
laminate, introduced recently }, 
Continental-Diamond Fibre | rp. 
Newark, Del., is said to have ey. 
cellent flame and heat resistance. 


The producer says the laminate cay 
be used continuously at temperatures 
up to 300 F and intermittently aj 
temperatures above 300 F. In ad. 
dition, because the laminate contains 
flame retardant additives, it wil! 
not continue to burn when removed 
from a flame. 

Applications for the laminate jn- 
clude: switchgear components, such 
as circuit breaker arms and insulat- 
ing barriers; panels and terminal 
boards; and radio and television re- 
lays. 

The laminate is available either 
in plain form for power applications 
or in metal clad form for printed 
circuitry. It is supplied in sheet 
sizes ranging from 0.010 to 1 in. 


Coated Graphite Parts 
Perform Well at 5000 F 


Development of impervious coat- 
ings giving graphite good oxidation 
resistance at temperatures up to 
5000 F, combined with good abra- 
sion resistance and adhesion char- 
acteristics, was announced recently 
by Minnesota Mining & Mfg. Co. 
The coating, composition of which 
has not been revealed, is applied to 
graphite by a new bonding process 
which 3M says is superior to any 
previous graphite bonding technique. 

Coated graphite parts are avail- 
from American Lava Corp. (a 3M 





Nose cone is a potential use [0 
3M’s coated graphite. 


For more information, circle No. 374 > 

















... to use Stainless steel lock wire! 


7 ei, : 
F ch aaa Note how the lock wire, uncoiling from 
: Nay p the inside, is dispensed as needed f 
»¥ ¥ pak 1e inside, is dispensed as needed from a 
t- se ONAL 4 pio hole in the top of this compact 1-pound 
n — A, Mi package. No wild uncoiling! Moreover, 


to \ : the wire is better protected, handles eas- 
' : ier and faster, with less waste, and with 


“ WANs Fad STAINLESS greater safety! 


Here is a new National-Standard 
packaging development that is a natural 


‘ — ft | AFETy rock i. for most safety lock wire uses in equip- 


ment manufacture, assembly and 


: + ae -_ @ . a servicing. 
-_ . = WIRE | pee: 
i ke For production operation requiring 


1. e larger capacities, National-Standard 
2 offers lock wire on practical 5 and 10- 
M : 
pound disposable spools that may be 
spindle-mounted. 


Check with National-Standard on the 
spooling of your choice and on stainless 
steel lock wire in any diameter from 
0.020 to 0.067 and to government speci- 
fications: QQ-W-423, AN-W-24, MIL- 
W-6713 or AMS-5685-C. 





NATIONAL |---| STANDARD 





374 > DIVISIONS: NATIONAL-STANDARD, Niles, Mich.; tre wire, stainless, music spring and plated wires 
WORCESTER WIRE WORKS, Worcester, Mass.; music spring, stainless and plated wires, high and low carbon specialties +» REYNOLDS WIRE, Dixon, IIl.; /ndustrial wire cloth 
WAGNER LITHO MACHINERY. Secaucus. N. J.; meta/ decorating equipment + ATHENIA STEEL, Clifton, N. J.; fat, high carbon spring steels 
































































THERMAL SHOCK 


A CASE IN POINT—This 20 pound Ni-Resist casting made for the 
Schwitzer Corporation by Hamilton Foundry is the turbine casing of a diesel 
engine turbocharger. Exhaust gases which turn the impeller at speeds up to 
90,000 rpm subject the housing to rapid cyclic temperature changes up to 
1500° F. Any free scale formed at these temperatures could erode and 
eventually destroy the impeller blades. Ni-Resist was chosen for this part 
because it produces practically no free scale, it resists growth and oxidation 
at high temperatures, and it resists cracking under thermal shock. 

Ni-Resist iron combines three particular product engineering and de- 
sign advantages. It resists oxidation: as low as .002 inches per year 
oxide penetration at 1400° F. Scale formed adheres to the base metal and 
reduces further oxidation to a minimum. It has high temperature strength: 
up to 12,000 psi at 1500° F. And it’s the toughest of all flake graphite 
irons: Charpy impact strengths (unnotched) up to 150 ft.-lbs. Hamilton 
Foundry casts all types of Ni-Resist including Ductile Ni-Resist. 

When new and unusual design problems arise in the selection of metal 
and the casting of parts, you will find that the skill and integrity of your 


foundry is your best insurance that specifications—and delivery schedules 
—will be met. 


GRAY IRON * ALLOYED IRON * MEEHANITE@® * DUCTILE (NODULAR) IRON © NI-RESIST * DUCTILE NI-RESIST * NI-HARD 





The Hamilton Foundry & Machine Co., 1551 Lincoln Ave., Hamilton, Ohio * TW 5-7491 
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subsidiary), Cherokee Blvd. & } 
facturers Rd., Chattanooga 5, Tenn 
Potential uses 


Structural parts for missiles and 
jets are some of the potential! uses 
for coated graphite, according to 
J. R. Johnson, 3M’s atomic energy 


coordinator. He says coated graphite 
shapes have been exposed inter. 
mittently to high velocity oxidizing 
gases at temperatures in excess of 
5000 F without being damaged. Only 
after prolonged continuous exposure 
was the coating penetrated, he says, 

In addition to aircraft parts, 3M’s 
coated graphite has potential use in 
such nuclear applications as contro] 
reds, coolant tubes, heat exchangers, 
and jacketings for ceramic fuel ele- 
ments. In other fields, such as the 
chemical and metallurgical indus- 
tries, the material might be used for 
tubes, containers, pipes and molds. 


Properties 

Johnson says various coated graph- 
ite shapes have been subjected to 
temperatures from 1800 to 2700 F 
for several hundred hours without 
any measurable oxidation of the 
graphite, and immersed in boiling 
acids, including aqua regia, for 
weeks without damage. The parts 
have also been exposed to 1600 F 
steam and carbon dioxide (in sepa- 
rate tests) for several hundred 
hours without damage. 

The company says application of 
the impervious coating produces no 
undesirable changes in the physical 
properties of the graphite and, ex- 
cept for the dimensional change re- 
sulting from the thickness of the 
coating, does not alter the shape or 
size of the part. 


Fusion-Coated Vinyl 
Resists Alkalis, Acids 


A powdered vinyl resin has been 
added to a line of specially formu- 
lated resins for a fluidized coating 
process called Whirlclad (see M/DE, 
Apr 58, p 200). In the coating proc- 
ess, parts are preheated and dipped 
into a fluidized bed of dry powders 
which bond by fusion onto the sur- 
face of the part. 

Developed by National Polymer? 
Products, Inc., 125 N. 4th St., R ad- 
ing, Pa., the powdered vinyl res!?, 













hromium-like lustre 



































g 
if 
y 
e 
: 
" gleaming iridescent yellow 
| \ : ebony black 
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% Dyed coatings produce many 
colored finishes not shown here. 
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4 
chromate treating Z/nce > habe PLATE is a good finish as far as it goes. It can be 
. ° made to go much further with chromate treating. It 
F : 
‘ in UNICHROME DIPS: can be transformed into a number of outstanding finishes... 
j with extra life, extra eye appeal, extra sales stimulation 
... all at little extra cost. 
sf 


One of the widest lines of chromate treating compounds 
1 eye appeal see available, Unichrome Dips can satisfy virtually any 


requirement ... of product, production method, and 
pocketbook. Brilliantly clear finishes have been produced 





for a material cost as little as 30¢ per 1000 sq. ft. of 
treated surface! Products can be clad for optimum corrosion 
resistance ina matter of minutes. And you also get an 
ideal base for clear, dyed, or pigmented organic coatings. 


; corrosion 
protection... 


Along with wide selection and quality finishes, goes 
service. Service from solutions which give good ‘mileage”’ 
Service from M&T engineers who have long experience 

in metal finishing, and zinc finishing problems in particular. 
Send for detailed information and handy Unichrome 
Pick-A-Dip Chart. 


low cost 


METAL & THERMIT 


CORPORATION 
GENERAL OFFICES: RAHWAY, NEW JERSEY 


Pittsburgh © Atlonta © Detroit © East Chicago * Los Angeles 
In Canada: Metal & Thermit—United Chromium of Canada, Limited, Rexdale, On 
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ACTUATES ANOTHER PRECISION PRODUCT 






THE SYLVANIA 


INTERNAL AUTOMATIC 
CIRCUIT BREARER 

























































A Product of 
Sylvania Lighting Products, Inc. 
N.Y., N.Y. 





The Sylvania Internal Circuit Breaker was developed primarily for 
protection of electric motors such as are used in windshield wipers, 
window lifts, seat actuators, antenna lifts, air compressors, vacuum 
boosters and other automotive power equipment. Mounted adja- 
cent to the brush holders, this two-piece bimetal breaker is ambient 
compensated, self-re-closing and protects against locked rotor or 
stall current conditions. All in the series are mounted on a standard 
base which permits easy design within small motor space limitations. 


The two legs are Chace Thermostatic Bimetal. The U-shaped leg 
has the low expansive side on top, while the short straight section 
is opposite, making the unit partially ambient compensated. The 
design insures minimum derating from initial SAE calibration at 
ambient temperature levels of —20° to 200°F. The long initial on- 
time under load eliminates trip-outs due to short term overloads. 


As the modern motorcar becomes more complex with its scores 
of motor-driven devices for safety, comfort, convenience and im- 
proved operation, the hazards of fire and serious damage are mul- 
tiplied. Sylvania offers ‘permanent protection’ and ‘continuous 
service’ based on the always predictable performance of our pre- 
cision product. Our third of a century in thermostatic bimetal 
development and production is positive assurance that your two 
and a half to six thousand dollar investment and Sylvania’s repu- 
tation are in good hands. And when your need for a temperature- 
actuated device approaches the design stage, send for our 1958 
edition of ‘Successful Applications of Chace Thermostatic Bimetal,”’ 
containing many pages of valuable design data. 





W. M. CHACE CO. 
Thevnostalic Bimetal 


1615 BEARD AVE., DETROIT 9, MICH. 
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Washing machine parts are a typ- 
ical application for Corvel viny] 
coatings. The fusion-bonded finish 
did not blister when immersed in de- 
tergents for 21 days. 


called Corvel, is said to provide a 
tough, resilient finish to dishwasher 
racks, washing machine parts, bat- 
tery cases, electrical parts, hard- 
ware, decorative panels and novelties. 


Better Chromium Plate 
with Thicker Coatings 


Longer lasting and better looking 
chromium electroplates on automo- 
bile trim and other parts might be 
achieved by increasing the thickness 
of the chromium electroplate three 
to six times that normally applied 
over bright nickel, according to C. H. 
Sample, International Nickel Co. A 
one-year corrosion test at the com- 
pany’s Kure Beach test station shows 





\. a cee 


sp | Z 


Underwater joining — The two 
blocks of wet concrete shown above 
are being joined together with a new 
epoxy adhesive that can be applied 
to materials under water. Developed 
by Furane Plastics Inc., 4516 Brazil 
St., Los Angeles 39, Calif. and called 
Epocast 546, the adhesive cures 1” 
wet locations to metals, concrete, 
stone and other materials. 




















FOR DEBURRING e DESCALING e GRINDING e BURNISHING e¢ POLISHING e FORMING 
MicROINCH FINISHING e RUST-INHIBITING ¢ WORK-HARDENING 


ALMCO 


has the right 
barrel finishing 
equipment 
for you! 


applications. 


ALMCO’S “ADVANCED DESIGN” SERIES 
Thirteen great models in this series! These 
machines feature a wide range of variable 
speeds (infinite from 6 to 30 r.p.m.), mak- 
ing possible economical deburring and finishing of the greatest 
variety of parts. Each unit has Almco’s exclusive design features 
and rugged construction to stand up under all types of punishing 














“FIXTURE” TYPE BARRELS 
Pioneered by Almco for processing large 
and intricate parts. Custom designed fix- 
tures hold parts securely, prevent part- 
on-part impingement and allow abrasive 
action to reach all surfaces, cavities, slots. 
etc. Barrels have automatic forward and 
reverse controls. Almco also offers inte- 
grated materials handling systems for 
further barrel finishing economies. 





MULTI-COMPARTMENT 
BARRELS 

Do vou have these deburring and finish- 
ing problems — wide variety of parts or 
small quantity runs where fixtures would 
be too costly? Or short to medium cycle 
runs where you could re-use compound 
for several runs? Lack of floor space for 
several machines? An Almco custom- 
designed multi-compartment barrel may 
give you a cost-saving answer. Automatic 
forward and reverse. Any combination of 
compartments and doors. 





SUB-O-MATIC 
AUTOMATED SYSTEMS 

Almco’s exclusive submerged unit is an 
automatic, ‘‘assembly line’ system for 
micro-precision deburring and _ finishing 
of small parts in quantity. Saves labor, 
speeds up processing and flow of high 
production parts. One man for example 
can operate this equipment and handle 
as many as 192 barrel loads per 16 hr. 
day. Slashes compound expense to mini- 
mum because compounds can be re-used 
for days at a time. These submerged sys- 
tems can also be obtained in non-auto- 
mated, straight line systems. 




















YOUR SAMPLE PARTS PROCESSED without 
obligation in this modern Almco test lab! 
Simply write on letterhead for address of 
nearest Almco lab or send parts direct to 
Albert Lea, Minn. Enclose specifications de- 
sired. Complete free report includes rec- 
ommendation. 52 PAGE BARREL FINISHING 
HANDBOOK SENT ON REQUEST. 












CUSTOM-DESIGNED BARRELS 

Almco designs and manufactures spe- 
cial barrels of all types for problems 
where standard equipment cannot be 
effectively used. These range from the 
smallest type to the largest fixture bar 
rel such as the 60” diameter x 60” 
length barrel shown above. Special large 
diameter barrels with double flat or 
triple flat doors are also available to 
accommodate extra large parts and to 
allow abrasive media to flow freely 
over the outer periphery of the part. 
Your special problems may be solved 
with one of Almco’s custom-designed 
barrels. Material handling systems can 
also be closely coordinated with special 
barrels. 





Almco deburring and finishing machines 
are ruggedly constructed to perform 
on a round-the-clock basis. They in- 
corporate the best engineering design 
required in the industry — your assur- 
ance of versatility and economical proc- 
essing of work parts. Optional equip- 
ment includes material handling devices 
and systems, automatic forward and 
reverse, double or triple flat doors, sin- 
gle and dual timer controls for auto- 
matic delay starting and stopping, per- 
forated drain doors for flushing and 
rinsing, unloading devices, etc. Also a 
full and complete line of Almco Super- 
sheen barrel finishing compounds and 
media of all types made especially 
for use with Almco precision barrel 
finishing equipment. 














For more information, turn to Reader Service card, circle No. 477 


SMALLER MACHINES 

Twin barrel machines manu- 
factured by Almco are the 
standard of the industry for 
shops processing small lots of 
parts and for companies with 
large lots of small parts. Also 
ideal for sample processing, 
barrel finishing research and 
development work, and as 
auxiliary equipment. These 
units are Almco engineered 
to the highest specification 
standards and include opera- 
tional and safety features 
found on larger Almco ma- 
chines. 


ALNICO 


QUEEN PRODUCTS DIVISION, KING-SEELEY CORP. 
310 MARSHALL STREET, ALBERT LEA, MINNESOTA 


Sales and Engineering Offices in Chicago, Detroit, Los Angeles, 
Newark, New Haven, Philadelphia and London, England. 


Designers and Builders of all types of Barrel Finishing Equipment for the Metalworking Industry 
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the 


glamorous finish of 
Calcinator home incinerator 


Sicon 


iS 


Silicone heat resistant finish 
for LONG LIFE PRODUCT APPEAL 


5 


ne . 
eee ae ‘ x Pe 


Seaway 











Retains 
Rich Colors 


at 42 af. 


with excellent adhe 
and mar resistance 


Sicon, the first high temperature 
barrier” in colors, is specified fo 


Model 
8GSX-3 


COPPERTONE * 





Model 
86S 


sion 


finish to break the “‘heat 
r all Calcinator home incinerators. 


A wide range of colors is employed: Metallic Blue, Coppertone and 
Taupe, as shown above; also Yellow and Turquoise. These smart 
Sicon enamels lend compelling eye-appeal on the sales floor. Equally 


important, their ability to retain 


their rich colors and gloss in every 


day service—exposed to temperatures in the 425°F. range—has helped 
produce thousands of satisfied Calcinator users. Sicon is easy to apply by 
brush, spray or dip. At Calcinator it is hand sprayed and baked by 
gas-fired ovens for 20 minutes at 425°F. 


Sicon’s excellent adhesion and film stability has led to its use on scores of 
applications, of widely varying heat resistance requirements up to 1000°F. 


Midland engineers will be glad t 
a formula. Send us all details. 


o analyze your problem and suggest 


Write for Literature 
Dept. J-1 


ID LAND Grdustial Ginishes & 


Waukegan, Ill. 


ENAMELS SYNTHETICS LACQUERS 
VARNISHES 
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that the corrosion resistancs Q 
chromium-plated bright nickel san. 
ple is much improved when thick. 
ness of the chromium electrop] 
increased from 0.01 to 0.06 mi 

Sample, speaking before the re. 
cent SAE annual meeting, said 
chromium plating seems to have an 
adverse effect on the protéctive valye 
of bright nickel electroplates because 
of hydrogen embrittlement. He says 
heavier chromium electroplates might 
fill or bridge cracks in the _ nicke} 
electroplate caused by hydrogen em- 
brittlement. 


Silicon Crystal, 2 Oz, 
Has High Strength 


Dislocations or rows of out-of-line 
atoms that scientists blame for 
making metals “much weaker than 
they ought to be,” have been con- 
pletely eliminated in a large silicon 
crystal made by a new growing tech- 
nique. The crystal, weighing about 
2 oz, is similar in purity to silicon 
used for transistors and other semi- 
conductor devices and is extremely 
strong. 

The crystal growing technique, 
developed by General Electric’s Re- 
search Laboratory in Schenectady, 
N. Y., involves the use of specially 
tapered “seeds” made of extremely 
pure material. The shape and purity 
of the seeds reduces thermal shock 
when they first touch the hot molten 
silicon from which the crystal is 
grown. Equally important in the 
growing technique, say GE scien- 
tists, is pulling the crystal in the 
proper crystallographic direction so 
that dislocations are literally “left 
behind” as the crystal grows. 

Other dislocation-free metals have 
been made at GE and other research 
laboratories. In the case of iron, 
strengths up to nearly 2,000,000 psi 
—five times the tensile strength of 
the strongest piano wire—have been 
observed. 


Conductive Silver Ink 
for Printed Circuitry 


A conductive silver ink that can 
be directly printed on the surfaces 


of nonmetallic tubes has been  e- 


For more information, circle No. 400 * 
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New, LOWER COST- High Efficiency Fluorocarbon 


newest, most versatile “SUPER TEFLON’. an accepted, tested and proven TEFLON off- 


Lowest priced of all comparable fluorocarbons. spring rey et more efficient and more 
economical applications. 
, a modified TEFLON fluorocarbon enhanced by PP 
: a superior blend of additives and reinforcing a dynamic Design and Engineering material: 
I . . e 
agents. super performance with improved properties. 


ESTED RULON PROPERTIES: 


(as compared to TEFLON) 





ELECTRIC 





:% A FS 


Wear Resistance Deformation Under Load Relays, Potentiometers, Antennae, Terminals 
l ° 

Hardness Compressive Strength and Connectors, Bushings and Washers. 
; Stiffness Therma! Conductivity 





l Cold Flow 


Bearings for Acids and Dyes; Non-toxic 


Bearings for Food and Liquid Processing; 








Elongation Tensile Strength Oil-free Bearings; Freon-resistant Seals; Re- 
’ Impact Strength Electrical Insulation frigeration Seals. 
Low Coefficient of Friction Outdoor Durability 
, ‘ iston Rings, T Control Bushings, Tex- 
3 Extreme Heai Resistance Zero Water Absorption PROER TENG FONE SEE SN, 
, : til ings, Rot Is, C Foll , 
Chemical Corrosion Resistance Flexural Strength me Gomtige Rotary Seam, Sam Herenen 
i Is, Thrust 
; Non-flammability Non-stick Properties Sune See, Sane aoe Sen = 
, Washers, Gaskets and Packing:, Valve Seats. 
) tDuPont’s TFE Fluorocarbon Resin 
t 
(Write for actual values) (Write for actual applications) 


—- Pe er ww 





a ‘‘super- TEFLON” whose properties and lower cost create 
applications never before possible for a designed-in and engineered material. RULON is the answer 
to a low-cost replacement for sintered metals, ball bearings, wood, glass, ceramics and expensive 
fluorocarbons. Select RULON for more and longer performance at a lower cost. 





Write for further information and prices. 


‘plastics division :§°J)Clim&laclolachitels 


BRISTOL RHODE ISLAND Established 
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Sub-Micron 
Disperser Valve 
C7 
Handling Solid- 
Fluid Materials 








Pressures 5000 to 
8000 p.s.i.g. 


Flow Velocity 
57,000 ft. per min. 














KENNAMETAL 
components 
help valve 
a 646 
mile-per-hour 
flow! 


In processing solid-fluid dispersions 
for paints, dyes, inks and other prod- 
ucts, the materials move at almost 
supersonic speed through this valve. 
Ordinary materials in the path of 
such abrasive materials practically 
“melt”? away. The designers’ only 
answer was an extraordinary material 
... and they found it in Kennametal 
Tungsten Carbides. 

The erosion-, abrasion- and corro- 
sion-resisting properties of Kenna- 
metal not only extend the life of the 
most vulnerable valve parts but im- 
prove batch uniformity and help 
maintain exacting process require- 
ments involving extreme turbulence, 
high velocity and ashatteringimpact. 

Often the designer’s most difficult 
problem is not just to blueprint a 










new device, but to find material that 
will give components the necessary 
service qualities. If you need unusual 
resistance to erosion, abrasion or 


corrosion . . . materials that retain 
their normal properties under pro- 
longed exposure to temperatures of 
2200°F and above . . . materials with 
a YME three times the rigidity of 
steel... you may find the answer ina 
Kennametal composition. For more 
information, send for Booklet 
B-111A, “‘Characteristics of Kenna- 
metal.”” Write KENNAMETAL INC., 
Dept. MDE, Latrobe, Pa. 


“Trademark 
inoduU 


3174 


*> KENNAMETAL 


For more information, turn to Reader Service card, circle No. 405 
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Direct-printed tubes can be used 


as instrument housings, faraday 
shields, resistors, commutators and 


microwave parts. 


veloped for printed circuitry. Mar- 
keted by J. Frank Motson Co, 
Flourtown, Pa., the ink can be 
applied to tubes having an i.d. as 
small as 0.020. It is especially recom- 
mended for application to such non- 
conducting materials as TFE, Kel-F, 
epoxy, silicone, polyester and phen- 
olic resins; ceramics; and glass. 








Honeycomb structures — Shown 
above is a machine that turns out a 


continuous stream of honeycomb 
structures. Developed by Solar Air- 
craft Co., the machine corrugates 
very thin metal strips (half as thick 
as a human hair) and welds them 
layer by layer into a completed struc- 
ture. Solar has licensed Swedlow 
Plastics Co., 6986 Bandini Ave., Los 
Angeles, Calif. to manufacture and 
sell its honeycomb structures. They 
are available in type 321 stainless 
steel, Inconel, Inconel X, Inco 7/2, 
Thermenol, titanium and zirconium. 


—, 





For more information, circle No. 496 > 





*T!I 
dre 


Feg 



















NO Ys Higher strength costs you less! Specify TENZALOY*, the self-aging aluminum 


alloy ‘hat needs no heat treatment! TENZALOY is a corrosion resistant aluminum allov that ages | 











at room temperatures, gives high strength properties superior to those normally obtained only by 
solution treating, quenching and artificial aging. And these properties are stable, proved by con- 


| clusive test data taken over a ten year period. No special foundry techniques are required. No 


fluxes. Castability is excellent with sand cast and plaster molds, and many permanent molds. 





TENZALOY will not" grow”. It takes a brilliant polish and anodizes clear white. Write for TENZALOY | 


sa 





Bulletin No. 103 or call one of Federated’s 22 sales offices. Federated Metals Division, 120 Broadway. | 


New York 5. In Canada: Federated Metals Canada, Ltd., Toronto and Montreal. 


| [FEDERATED METALS DIVISION OF 





“TENZALOY is one of a complete range of Federated aluminum casting alloys. These and hun- 


dreds of other quality controlled non-ferrous metal products are produced in the 11 plants of the 
Federated Metals Division. 
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Available Now!! 
Reprints of 


F 4 " oe q E 
S -_e ef 4% % 
fo i sf j % x 
RG. * 
¥ , 


BAT JAS 


Because of the great demand for the well-known Manuals that are | 
widely used for reference purposes; MATERIALS IN DESIGN | 


ENGINEERING Manuals have been reprinted for your use. These 


outstanding 16- to 32-page articles provide you with complete and | 
useful information on the properties, characteristics and uses of | 


engineering materials and finishes. 


The price is right! Only 35¢ for each reprint. On quantity orders, 
discounts are offered. To obtain your copies, indicate in the handy 


coupon below the Manuals you want. Orders will be filled as long | 


as the supply lasts. 


Would you prefer receiving these valuable Manual reprints auto- | 
matically each month in the future? If you are a subscriber to | 
MATERIALS IN DESIGN ENGINEERING, then avail yourself | 


of an additional service offered by our Reader Service Department. 
Let us add your name to our mailing list, and you will receive the 
next 12 Manual reprints, one each month, for the reasonable price 
of $4.00* per year. Just fill out the coupon below and mail it to: 


Reader Service Department 
MATERIALS IN DESIGN ENGINEERING 
430 Park Avenue 
New York 22, New York 


VY Quantity VY Quantity 
...-Carbon and Low Alloy Steel Castings ....Nickel Silvers 
....Malleable Iron Castings ....Hard Coatings and Surfaces 
ao the Stainless Steels .... Selecting Plastics Laminates 
...Weed & Wood-Base Materials ....Hot Forged Parts 
+: oe Coppers ....Solid Electrical Insulation Materials 
...Clad and Precoated Metals ....Fluorocarbon Plastics 

...Wrought Non-Leaded Brasses ....Magnesium and Its Alloys 
.... Silicones—Properties & Uses ....Conversion Coatings for Metals 
....- Short Run Press Formed Parts .... Synthetic Rubbers 

...How to Select a Wrought Stee! .... Titanium 
....lmpact Extruded Parts ....Materials for Gears 

..Finishes for Metal Products ....Mechanical Tubing 

...Nodular or Ductile Cast Irons .... Joining & Fastening Plastics 
.... Industrial Textile Fibers ...Aluminum Alloy Castings 

.. Pressure Sensitive Tapes .... Thermal Insulation Materials 
....New Developments in Ceramics 
....Designing with Heat Treated Steels 
...Porcelain Enamels, Ceramic Coatings 
....Paper as an Engineering Material 

..Designing Metal Stampings 

Sleeve Bearing Materials 


..New Stainless Steels 
....Foam Plastics 
...-Electroplated Coatings 
....Materials for Electrical Contacts 
....@ray lron Castings 

..How to Select and Specify Glass 


[_] Yes, I am a subscriber to MATERIALS IN DESIGN ENGI- 
NEERING and would like to be put on your mailing list to receive 
each future Manual, when reprinted. Please start with the 
eer ere ..+....issue. Upon receipt of your invoice, I will pay 


$4.00 for a year's supply. * Foreign subscriptions—$4.80. 
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Curved assembly is a typical appli- 
cation for Nicrobraz sheet. 


Ni-Cr-B Brazing Sheet 


A line of nickel-chromium-boron 
brazing alloys is now available as 
flexible sheets in sizes from 0.015 to 
0.060 in. thick. The alloys, called 
Nicrobraz and supplied by Wall 
Colmonoy Corp., Stainless Process- 
ing Div., 19345 John R. St., Detroit 
8, have flow and wetting properties 
equal to those of conventional braz- 
ing alloys. The alloys are particv- 
larly recommended for brazing stain- 
less steel, titanium and high alloy 
steels. 


Plastics Laminate 
insulates at 2000 F 


A promising material for nose 
cones and other missile parts has 
been developed by Taylor Fibre (Co. 
Norristown, Pa. It is a composite 
laminated plastic made by alternat- 
ing layers of a phenolic-impregnated 
asbestos mat with layers of a phe- 
nolic-impregated nylon fabric. 

Called HT-5000, the plastics lami- 
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XV-1 Convertiplane in 
history-making flight 
... HASTELLOY alloy X 
sheet was dished and 
welded toform the shell 
of the jet units mounted 
to the tips of the three 
rotor blades. 





NOU 








HAYNES Alloys solve the tough heat problems 


JET UNITS 
take 1000 G’s at 1500 deg. F. 


Meountea to the tips of the rotor blades of a new type 
aircraft are small pressure jet engines encased in shells 
of HASTELLOY alloy X. In flight, these jet units are 
subjected to extremes in stress and heat. HASTELLOY 
alloy X was selected for the shell material because of its 
high strength at temperatures in excess of 1500 deg. F. 
and because it is readily formed and welded. 

If you have a high temperature or a 
difficult design problem, contact our 
nearest sales office, or write HAYNES 
STELLITE COMPANY, Division of Union 
Carbide Corporation, General Offices 
and Works, Kokomo, Indiana. Sales Of- 
fices in Chicago, Cleveland, Detroit, 
Houston, Los Angeles, New York and 
San Francisco. 








HAYNES STELLITE COMPANY 


Division of Union Carbide Corporation 
Kokomo, Indiana 





+ 


ARBIDE) 


: 
Ris - i 


“Haynes,” “Hastelloy” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 


For more information, turn to Reader Service Card, circle No. 376 


OCTOBER, 1958 ¢ 179 



































from Torrington on 


SMALL PRECISION 
METAL PARTS 








Here at Torrington, our ‘Specialties’ 
machines are constantly at work produc- 
ing an endless variety of custom-built 
small precision metal parts. Our engineers 
help design many of these parts, at the 
same time developing the most efficient 
production methods to solve our cus- 
tomers’ problems. 


For example, one manufacturer recently 
needed perforating punches with an upset 
head (see photo above). His own facilities 
were inadequate for the job... specifi- 
cations called for close body tolerance, 
grinding, precision heading, hardening 
and annealing. The punches were to be 
made from tool steel and produced with- 
out flash to allow proper seating. Torring- 
ton engineering and production facilities 
solved his problem. 








Another—the volume production of 
timer parts with low cost a critical factor. 


| t.cos 
(LENGTH) 680 








| t.002 - 
—————— 


ee 


0035 
025 RADIUS 











125 (DIAM.) 





For this job, Torrington developed special 
high-speed equipment to provide auto- 
matic end turning and cross milling in a 
single operation. The result—a_ high- 
quality part produced at low unit cost. 


Whatever the part, varying degrees of 
strength, ductility, hardness, toughness, 
magnetic or nonmagnetic properties are 
required to give it the exact qualities 
needed for its particular function. In 
Torrington’s modern laboratories, highly 


experienced metallurgists and engineers 
are employed to insure that each precision 
metal part is produced by the most effi- 
cient process and to the highest standards 
‘required for its application. They’ll be 
glad to help you on all metallurgical 
problems. 


If you have problems involving custom- 
built small precision metal parts in large 
quantities, write direct to 


The Torrington Company, Specialties Division, 777 Field Street, Torrington, Conn. 


TORRINGTON SPECIAL METAL PARTS 


Makers of Torrington Needle Bearings 


tor more information, turn to Reader Service card, circle No. 492 
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nate is said to have good the 
insulating properties and good 
sistance to erosion. Taylor is 
plying the material in sheets 
tubes. 

A thermal insulation test, n- 
ducted by embedding a _ thermo. 
couple in the center of a %4-in. thick 
laminate exposing the laminate to a 
temperature of 2000 F, and measur- 
ing temperature in the center of the 
laminate at various intervals, showed 
that HT-5000 conducted 25% less 
heat from the surface to the interjor 
after 5 min than other materials 
tested. 


Silicone Sponge Rubber 
Available as Extrusions 


Silicone sponge rubber can now be 
extruded and calendered into a va- 
riety of complex shapes by Stalwart 
Rubber Co., 165 Northfield Rd., Bed- 
ford, Ohio. 

Stalwart says it can supply ex- 
truded silicone sponge cross sections 
in long lengths, in continuous lengths, 





Aluminum particles—The pair of 
tweezers shown above hold a particle 
of coarse granular aluminum, (e- 
scribed by the manufacturer, Rey- 
nolds Metals Co., 2500 S. 3rd St., 
Louisville, Ky., as a new metal prod- 
uct that bridges the gap between 
aluminum shot and aluminum pow- 
der. The aluminum particles are ex- 
pected to find many uses in the 
chemical field. Two standard sizes 
of the product are now produced: 
300-X, ranging from 0.132 to 0.02 in. 
dia; and 200-X, ranging from 0.05 
to 0.01 in. dia. 
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Unigue research too/... 


The Ubiquitous Strain Gage 





Small size, high accuracy, and amazing versatility have probing its innermost parts and relaying the story of 
made the SR-4® strain gage an indispensable tool wher- dynamic stress. They have been used in the structural 
ever strain measurements are made. For over |5 years analysis of buildings, bridges, dams, ships, auto bodies, 
this tiny, precision-made bit of paper and metal has industrial machinery, and an almost endless list of fabri- 
been doing a job that nothing else could do. cated parts and structures—even artificial limbs. 


Data provided by strain gages made possible the lighter, 
high-strength structural members needed for modern Capable of measuring static, dynamic or impact strains 


aircraft. They have permitted a close, detailed analysis under widely divergent ambient conditions, SR-4 strain 


| of wing stresses, propeller vibration, landing gear shock, gages give free rein to the skills and imagination of the 
scientist, engineer or technician who uses them. A 


and many other critical factors in aerodynamic design. 
wealth of strain gage data is available. Write to the 


Strain gages have played a major role in developing address below, Dept. 3-J. and ask for Bulletin 4315. 
today’s compact, high-powered automobile engine, Or let us have a B-L-H man call on you. 





FIRST in force measurement 


BALDW IN - LIMA: HAMILTON 


Electronics & Instrumentation Division 


= Wwe 4} 





Waltham, Mass. 


SR-4® Strain Gages * Transducers * Testing Machines 





For more information, turn to Reader Service card, circle No. 481 
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No matter which 727/37 you like —you can buy it in 


Wlicre Kold watty STAINLESS STEEL 





2D-a silvery white, but non- 
lustrous, surface produced by 
annealing and pickling cold 
reduced material. Steel sheets 
and strip in this condition are 
most ductile and the surface 
holds lubricant well for severe 
drawing operations. 





No. 4-—A finer finish than 
No. 3 made by grinding with 
a No. 150 abrasive. Like No. 
3, this surface is easily blended 
with hand grinders after form- 
ing, drawing or welding. 


2B-—Steel in the 2D condition 
which is subsequently rolled 
on a “skin pass” or temper 
mill. The surface acquires a 
bright finish from the polished 
rolls. This surface is somewhat 
more dense and hard than 2D 
and is a better starting surface 
for later finishing and buffing 
operations. 





No. 7—Good reflectivity and 
brilliance made by polishing 
with a No. 400 abrasive. This 
semi-mirror finish must be pro- 
tected during fabrication by 
adhesive paper or strippable 
plastics lest the finish be 
marred beyond repair. 


These are our standard surface finishes that 
are available in types 201, 202, 301, 302, 304 and 430 
except Bright which is type 430 exclusively. 
These finishes are regularly supplied in sheet and coil 
form in widths up to 48 inches. 

Since Nos. 3, 4, 7 and 430 Bright are smooth 
reflective surfaces, they are not recommended for severe 
drawing without special precautions as the mill finish may be 
marred. Applications such as dairy machinery, kitchen 

and restaurant equipment and architectural decorative work 
require only local forming, so these highly polished 

surfaces are not greatly disturbed. All mill polished sheets are 
carefully packed to avoid handling imperfections. Protective 
adhesive paper can be specified by the buyer when needed. 
For specific information on recommended 


surface characteristics for a particular stainless steel 


sheet and strip application, address 


your request to our Product Development Dept. 


No. 3—This surface is made 
by grinding with a No. 100 
abrasive. This surface is 
smooth but not as reflective 
as 2B. 


BRIGHT— a highly reflec- 


tive surface made by cold re- 
ducing with highly polished, 
glass-hard rolls. This finish is 
only available in Type 430 
stainless. 





WASHINGTON STEEL CORPORATION 


Producers of Stainless Sheet and Strip Exclusively 


10-F Woodland Ave., Washington, Pa. 


For more information, turn to Reader Service card, circle No. 488 
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Typical shapes produced by a new 
silicone sponge extruding and calen- 
dering technique. 


and in coils and rolls to close dimen- 
sional tolerances. Sheets of silicone 
sponge measuring up to 36 in. in 
width can also be produced by the 
company’s new extruding and calen- 
dering method. The calendered sheets 
can be combined with Orlon, Dacron, 
nylon, fiberglass and other heat re- 
sisting materials for a variety of 
applications. 


Glass-Silicone Rods 
for Electrical Insulation 


Fiberglass-reinforced silicone rods, 
developed primarily for electrical] in- 
sulation, are now available in round, 
square and rectangular shapes in 
any size or length from Pittsburgh 
Electrical Insulation Co., Inc., 3000 
Bigelow Blvd, Pittsburgh. The rods 
are manufactured by extruding them 
twice. 

Tests show that the product meets 
full Class H temperature specifica- 
tions. Other characteristics: good 
arc, heat and flame resistance; low 
dissipation factor; good dimensional 
stability; close tolerances; good 


chemical resistance; and good mech- 
anical strength. 





Gains Cornina Fiberglas Ce rp. 
Typical shapes extruded from filer 
glass-reinforced silicone. 
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CALUMET © MECLA, INC. 
CALUMET DivISION 


URANIUM DIVISION oy DIVISION OF 

GOODMAN LUMBER DIVISION Fo 

WOLVERINE TUBE DIVISION Ci CALUMET &@ HECLA, INC. 
te Conoda. 


When the products you design and manufacture 
require tubing, there are many reasons why 
Wolverine Tube can help you do a better job. 


For example, Wolverine manufactures a com- 
plete product line. You can specify copper, 
brass or aluminum tube in prime surface form 
or with integral fins (Wolverine Trufin®) to 
boost heat transfer performance. The latter is 
also available in electric-welded steel. 


To increase inventory flexibility, Wolverine 
manufactures long-length, bunch-type coils, and 
for continuous feeding of automatic equipment, 
Wolverine produces coils in level wound long- 
length form. 


If it’s a fabricated tubular part you require 
Wolverine maintains complete facilities for spin- 
ning, coiling, bending, expanding—to name 
but a few. 





it’s Wolverine Tube 


WOLVERINE TUBE 


If you’re considering production flow in your 
design, Wolverine gives you a boost by packag- 
ing its products to meet your production line 
requirements. 


To help you solve special problems concerning 
tubing Wolverine maintains an extensive Field 
Engineering Service—a staff of highly skilled 
tubing technicians whose services are yours 
without charge. 


You can rely, too, on the constant and consistent 
quality of Wolverine tubing. Produced the Tube- 
manship way it embraces sound engineering, 
constant research and rigid quality control. 


If design is your responsibility—and tubing is 
a requirement—remember that you can make 
things easier and better by specifying Wolverine. 
For the complete story write for the Wolverine 
Tubemanship book. 














17258 Southfield Road 


CALUMET @ HECLA OF CANADA LIMITED 


CANADA VULCANIZER & EQUIPMENT CO. LTD. 


WOLVERINE TUBE DivISION 


UNIFIN TUBE DIVISION 


PLANTS IN DETROIT, MICHIGAN AND DECATUR, 


SALES OFFICES IN PRINCIPAL CITIES 


EXPORT DEPARTMENT, 13 EAST 40TH STREET, NEW YORK 16, NEW YORK 


Wolverine Trufin is available in Canada through the Unifin Tube Division, London, Ontario, 


Allen Park, Michigan 


For more information, turn to Reader Service card, circle No. 527 
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Maintenance-Free SERVICEABILITY — 
| achieved by Good Design and | 


| METAL’ 


Wherever surfaces are subject to hard usage, 
good design calls for RIGID-tex Metal. Its 
patterned texture presents a mar-resistant finish 
that hides scratches and scuff marks, retaining 
the original sparkling beauty and _ brilliance 
without maintenance. 

All this . . . plus increased strength, greater 
rigidity, higher impact strength — fits RIGID- 
tex Metal into almost any product. There are 
more than 40 standard patterns from which 
to choose ...in any metal... any color. 
RIGID-tex Metal is a challenge and inspira- 
tion to the designer. Write for literature and 
samples voday! 








Tell me more about RIGID-tex Metal. : 

[] Send a copy of “Pattern Selector” | 

showing all the standard patterns. { 

[] Send a sample of RIGID-tex Metal. | 

[} Send name of nearest distributor. | 

| 

I annie sahccnssnscadicbisk dcdtsssbendarkoadla shaenvesecssas : 

has sailaien cia scnct rice ce ntansatnonsieodbadaceambicntbies | 

This pattern in by pa m8 st al 
tex Metal is used in airplane galleys , 

es shows eheve, cack scensksccacaseoneresncsenrss a | 





RIGIDIZED METALS 





CORPORATION 
66010 OHIO ST. BUFFALO, N.Y. 
WORLD-WIDE DISTRIBUTION 
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Salt Plus High Heat 
Cracks Titanium Alloys 


Titanium alloys are subjected 
stress corrosion cracking when 
intimate contact with sodium ch] 
ide at temperatures above 500 F, ac- 
cording to Titanium Metallurgica] 
Laboratory, Battelle Memorial Inst; 
tute, Columbus, Ohio. The Labora- 
tory, in its Report No. 88, gives re- 
sults taken from an accelerated, hot 
salt, stress corrosion test run on 
commercially pure titanium and ti- 
tanium alloys. 

The report also describes a number 
of methods for increasing the stress 
corrosion resistance of titanium 
alloys. Some of these are: 1) shot 
blasting or stressing of surface to 
induce compressive surface stresses; 
2) cladding; and 8) coating. 


Porous Filter Media 


An extremely hard, glass-like 
porous filter media is now available 
from Corning Glass Works, New 
Products Div., Corning, N. Y. in a 








improved cable jacketing—Shown 
here is an extruded PVC jacketing 
material for coaxial and other cables. 
Known as Resinite EP-145 and pro- 
duced by Borden Chemical Co., 350 
Madison Ave., New York 17, the 
material is reported to have from 
11 to 31 times the abrasion resistance 
of neoprene rubber at various test 
cycles. The company describes the 
material as “an improved equivalent 
of MIL-R-6855, Class II, Grade 6%, 
synthetic rubber.” It remains flexible 
at -100 F, is self-extinguishing, and 
has good resistance to hot water an: 
hot oils. 














EXPENSIVE 


‘MACHINING 
Ne = 


Combination clutch and pulley drive used in 
wide range of Westinghouse Laundromat® 
automatic clothes washers. 


By coming up with an imaginative 
approach, Chicago Molded engineers 
eliminated a costly machining operation 
previously needed on this pulley slide 
when it was made of metal. The solution: 
anylon body with a stamped metal insert 
(sheet steel, flash plated with copper). 
This was no mean designing feat. 
Chicago Molded engineers not only had 
to produce a less expensive part, but 
recommend materials and methods that 
would come up to commercial standards 
in mass production. This included meet- 
ing close tolerances on both the internal 
diameter of the shaft and the slot — not 
easy to mold on a multiple contour shape. 
Another complicating factor was injec- 
tion-molding around a metal insert. 


WHEN CHICAGO MOLDED 


SHOWS HOW NYLON CAN 
REPLACE METAL... 
AND MAKE A BETTER 
PART, FOR LESS 


Working with the Westinghouse 
Laundromat engineering group, Chicago 
Molded also came up with a versatile, 
flash-free mold that could be used to 
make two different pulley slides. This is 
necessary because there are two slide 
types, each with a different helical pitch 
(24° right and 14° left). What they did 
was design a multiple cavity mold that 
permits simultaneous production of 
both types. The secret: removable sec- 
tions in the mold for changing the pitch. 


See you at the Plastics Exposition—Booth 615. 


For more information, turn to Reader Service card, circle No. 365 











The success of this design illustrates 
the cost-cutting results you get by having 
Chicago Molded engineers work with 
your people in the blueprint stages. In 
suggesting materials and modifications 
—as well as in designing molds — they 
can, as they did for Westinghouse, make 
a better product at lower cost. Perhaps 
that’s why 66% of Chicago Molded’s 
business comes from firms served for 
over 25 years. 

Write today for a free subscription to 
Plastics Progress, Chicago Molded’s 
data-packed magazine on up-to-date 
developments in plastics. 


CHICAGO MOLDED 


PRODUCTS CORPORATION 
1026 North Kolmar Avenue, Chicago 2, Illinois 
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Never underestimate the molding possibilities of TEFLON*, in the hands of 
United States Gasket. 


True, it is probably the most difficult of all plastics to mold. But U.S.G. 
specializes in difficult moldings, involving precision tolerances, intricate 
shapes, inserts, molding around metallic structures, etc. 


They are equipped with unusual “know-how” gained as pioneers and leaders 
in fluorocarbon plastics fabrication, and the most modern specialized facili- 
ties and techniques for cold molding and sintering of TEFLON T.F.E., as 
well as the injection molding of KEL-Ff and the new thermoplastic 
TEFLON F.E.P. 


Send us your difficult fluorocarbon molding problems for quotations. And 
call upon us, too, for your requirements of fluorocarbon and nylon sheets, 
dises, tape, rods, tubing, bars, cylinders, etc., from the world’s largest and 
most complete stocks. 


For prompt service, contact one of The Garlock Packing 
Company’s 30 sales offices and warehouses throughout 
the U.S. and Canada, or write 


United States Gasket Company 
Camden 1, New Jersey 


tM.M.&M. Trademark 
*du Pont Trademark 


nited 
tates 
asket 7isitics Division of 

GARLOC K 


For more information, turn to Reader Service card, circle No. 434 








ONS 





186 * MATERIALS IN DESIGN ENGINEERING 


Formerly Materials & Methods 











variety of shapes and sizes. Called 
Porous Material, the filter media js 
said to have excellent thermal shock 
resistance, high strength and eood 
chemical resistance. 

Primary use of the porous mate- 
rial is liquid filtration. It can also 
be used for gas diffusion, air puri- 
fication, burner plates and catalyst 
supports. 

The material is available as disks, 
tubes, plates, cups and pellets. The 
disks are supplied in thicknesses up 
to 1 in. and in diameters up to 4 in, 
Tubes are supplied in wall thick- 
nesses of % to % in., in diameters 
up to 2% in., and in lengths up to 
18 in. 


Rubber-Coated Fabrics 
Resistant to Sour Gas 


Synthetic rubber-coated fabrics 
suitable as diaphragm materials for 
fuel pumps and carburetors are now 
available from E. I. du Pont de 
Nemours & Co., Fabrics Div., Wil- 
mington 3, Del. 

The coated fabrics, designated 
Fairprene, are said to have excellent 
resistance to oxidized gasoline, com- 
monly known as “sour gas.” The 
fabrics are also said to have excel- 
lent resistance to ozone and to high 
aromatic fuels. 

The materials are offered in four 
grades: 26-001FO, coated rayon (36 
in. wide); 22-005FO, coated nylon 
(36 in. wide); 21-009FO, coated 
cotton (41 in. wide); and 22-006F0, 
coated nylon (41 in. wide). 


Other News .. .- 


Ferrous metals 


> Stainless steel condenser tubes fab- 
ricated by welding from types 316 
and 304 stainless steel strip are now 
available from Chase Brass & Cop- 
per Co., Inc., 236 Grand St., Water- 
bury 20, Conn. The tubes are pro- 
duced to ASTM specifications A-249 
and A-269. 


» Large vinyl-to-steel] sheets (32 x 
144 in.) are being marketed by 
American Nickeloid Co., 2nd & West 
Sts., Peru, Ill. The company is !s° 
marketing a new preplated steel 
called C-grade in finishes of chro- 
mium, nickel and copper. The pre 
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TO BEARING PROBLEMS 


Bunting capability and leadership in the 

field of Cast Bronze Bearings and parts are 
well established and widely recognized. Today 
Bunting offers an equally comprehensive and 
responsible service in the field of Sintered 
Powdered Metal Bearings and parts. 





Bunting’s special knowledge and facilities 
make Sintered Powdered Metal products | 
available in many applications not 
heretofore considered feasible. We can help 
you find the simplest answer to your 
individual problem, be it Cast Bronze 

or Sintered Metal. 





A wide range of stock sizes of 
Bunting Cast Bronze and Sintered 
Powdered Bronze self-lubricating, 
plain and flange bearings, thrust 


bearings and bars are available 





from Bunting distributors every- 
where in America. 
Write for catalogs and your copy of the : | 
new 24 page Bunting Engineering | 
handbook of Sintered Powdered 1 | 
products and their composition, 
manufacture and application. 


Bunting. 


BUSHINGS, BEARINGS, BARS AND SPECIAL PARTS 
OF CAST BRONZE AND POWDERED METAL 


The Bunting Brass and Bronze Company @¢ Toledo 1, Ohio © Branches in Principal Cities 

















For more information, turn to Reader Service card, circle No. 465 
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plated steel is available in 
24 x 96 in., in coils to 24 in. 
and in flat strips % in. or wid 
to 96 in. long. 


Nonferrous metals 


» Zirconium strip rolled as th 
0.0008 in. is supplied in production 
lot quantities by American Silver 
Co., Inc., 36-07 Prince St., Flushing 
54, N. Y. for use in miniature flash 
bulbs. 


> Cadmium - silver - clad phosphor 
bronze strip is now being produced 
by American Silver Co., 36-07 Prince 
St., Flushing 54, N.Y. The clad 
bronze strip is expected to find use 
in the manufacture of electrical con- 
tact springs. 


>» Dysprosium metal, one of the rare 
earths, is being produced in com- 
mercial quantities by Research 
Chemicals, Inc., 170 W. Providencia 
St., Burbank, Calif. Purities range 
from 98 to 99%. The material js 
available in lump and ingot form 
in gram and pound lots. 


> Teflon-insulated OFHC copper wire 
and cable is marketed by Aero- 
Marine Development Corp., 110 Sum- 
mit Ave., Chatham, N. J. The in- 
sulated wire is recommended fo. 
electronic devices and aircraft. 


>An aluminum alloy, designated 
X-8001, will be used as a protective 
jacket for fuel elements in a nuclea 
reactor now being built in Idaho 
Developed by Argonne National Lab 
oratory, P. O. Box 299, Lemont, IIl., 
the alloy was made by adding small 
amounts of nickel to aluminum 1100. 


Plastics and rubber 


» A high impact polystyrene sheet in 
widths up to 60 in. is now available 
from Auburn Plastics, Inc., Auburn, 
N. Y. The sheet can be custom ex- 
truded up to 3/16 in. thick in any 
length, according to the producer. 


> A “pure white” polyethylene plas- 
tics pipe has been introduced by 
H. K. Porter Co., Inc., Quaker Rub 
ber Div., Tacony & Comly Sts., Phil- 
adelphia 24, for transporting wate! 
and other liquids for human con- 
sumption. The pipe is being sold 
under the name of Puritan White 
Core. 


> Tissue-thin foam rubber, available 
in such grades as oil resistant, re 
inforced, firm, medium and soft 
(with open or closed cells), is 1 
commercial production at Otarion 








> in 
ble 
rn, 
eXx- 
any 
cer, 


las- 
by 
‘ub 
hil- 
iter 
‘on- 
sold 
hite 


able 
re- 
oft 
in 
on 








No matter what you make... 


look to these two ceneral purpose steels 
to standardize, simplify, and save money! 


4340 THROUGH-HARDENING 4620 CARBURIZING 


4340 stands alone among medium carbon steels in its 4620 is a carburizing type that has consistently 
ability to provide maximum strength, ductility, tough- proved itself the ideal steel for a wide variety of car- 
ness and resistance to fatigue in parts of medium to — burized parts. 4620 is easy to carburize and has a 


heavy cross section. 





r 
AMERICAN STEEL | 








WAREH ’ 
OUSE ASS N.) 





minimum tendency toward distortion in heat treatment. 
Easy to Get... Both these steels are carried by many Steel Service Centers from 
coast to coast ... ready for delivery on a “next door” basis. For a list of names Jw 


and addresses of Steel Service Centers that carry AISI 4340 and 4620, write us. 
THE INTERNATIONAL NICKEL COMPANY, INC. IN O 


67 Wall Street New York 5, N.Y. —E™. 


TRADE MARK 
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CUT 
ASSEMBLY 
CosTs... 





with Milford’s 
complete riveter line 
Bench or Pedestal Models 


Single or Multiple Spindle 
Automatic or Manual Operation 


can-be adapted to solve 
assembly problem. Count on 
ye toe Aerdemnend 















MODEL 53 








MILFORD 
THE 





MILFORD RIVET 
& MACHINE Co. 


MILFORD, CONNECTICUT @ HATBORO, PENNSYLVANIA 
ELYRIA, OHIO @ AURORA, ILLINOIS @ NORWALK, CALIF, 


For more information, turn to Reader Service card, circle No. 457 
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Listener Corp., Scarborough Park 
Ossining, N. Y. The foam rubber 


is supplied in strips 1 in. wide by 
24 in. long and in thicknesses of 


0.025 in. 


Other nonmetallics 

> An improved activated carbon for 
use as a catalyst support materia] 
has been developed by National Car. 
bon Co., Div. of Union Carbide Corp., 
30 E. 42nd St., New York 17. Desig. 
nated CXC 4/6, the material is sup- 
plied as 3/16-in. dia pellets. 


» Plastics-coated all wool felt is pro- 
duced by Felters Co., 210 South St., 
Boston 11. Three grades of the mate- 
rial, called PlastiFelts, are now 
available; they are coated with nylon, 
polyethylene and TFE, respectively. 


Finishes 


> A bronze-free gold coating is mar- 
keted by Bee Chemical Co., 12933 
S. Stony Island Ave., Chicago 33 for 
application over metals, plastics, 
glass and wood, The company says 
the finish does not tarnish or stain. 


> A new wrinkle finish designed as a 
base coat for vacuum metallizing on 
metal stampings and castings has 
been introduced by Bee Chemical Co., 
Logo Div., 12933 S. Stony Island 
Ave., Chicago 33. The product, Logo 
Wrinkle EA-616, requires a 30-min 
bake at 325 F to cure to a hard, 
durable state. 


Joining materials 

>» A rubber-base adhesive has been 
developed for bonding latex and 
polyurethane foams. Called Bond- 
master R275 and available from 
Rubber & Asbestos Corp., 225 Belle- 
ville Ave., Bloomfield, N. J., the ad- 
hesive is quick drying and fast 
grabbing. 


pA sealing material that is said to 
have excellent resistance to freezing 
and thawing is the latest product 
from Presstite-Keystone Engineer- 
ing Products Co., Div. of American- 
Marietta Co., 39th & Chouteau Sts., 
St. Louis. The material, called Wat- 
R-Bar, can be used to form an alr- 
tight seal between similar and dis- 
similar materials. 


Testing equipment 


>A machine capable of performing 
mechanical tests at a temperature 
of 3000 F is now commercially avail- 
able from Marquardt Aircraft (0. 
Van Nuys, Calif. The machine can 
perform tensile, fatigue, compression 
and stress-rupture tests. 
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AUTOMATIC MACHINES 


Increase production hun- 
dreds to one over han 


exTURES duce labor 
ee Tie ae hods. Re 

yr Eliminate need of ex- 
perienced workmen. 





Positive pressure and ex. 
act registration of the part 
in the mask. Reduce re- 
jects. Free both hands for 
productive movements. 











MAGNETIC PERFORATING DIES 
All parts reusable and interchangeable. Punches and dies stocked 
in .001” increments from .100” thru .500” dia. 








Conforming Matt 
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386 TOLEDO FACTORIES BUILDING TOLEDO 2, OHIO 
A 
1 
S 
: fre you trying to fill | 
; " P . u“ / ADJUSTABLE PERFORATING DIES 
. Gu WETAT Le Straight All parts reusable and interchangeable. Punches and dies stocked 
) in .001” increments from .100” thru .500” dia. 
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5 to tie j bob pene dail PROCESS manufacturer of all types of 
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‘ ' aint Finish f WRITE FOR COMPLETE DETAILS 
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S- —-? painting the safe, proven way— | S. B. WHISTLER & SONS, INC. | 
e supply the complete ‘‘package”’ for ee 
leaning, Rust Removing, Phosphate | 741 Military Rd., Buffalo 23, N.Y. | 
tho enebalieed Row ore hd ents | P| 
1g tohee” make recommendations. Write | Mail the following: [ Magna-Die Catalog [) Adjustable Die Catalog | 
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We fabricate 
in more than 


different 
materials* 


GASKETS PACKINGS WASHERS 
SEALS SHIMS BUSHINGS “0” RINGS 


If it’s a problem of the right material 
for the job—at the right price—Auburn 
is sure to have the perfect solution 
among the wide range of materials in 
which we work. 


Put our 87 years experience to work 
for you—Auburn’s engineers are tops 
in their field in designing and fabricat- 
ing precision sealing devices. Their 
know-how is at your command. ‘‘0” 
Rings are a speciality with us. 


* Leather + Asbestos + Nylon + Vinyl + Teflon 
Silicone Rubber « Neoprene « Rubber + Cork 
Fibre » Compositions + Phenolics + Cloth + Felt 
Paper « Cardboard + Plastics + Brass + Steel 
Copper « Aluminum «+ Kel-F 


Other Special Materials 
Send us your specifications or 
blueprints. You'll receive 


prompt quotations and recom- 
mendations without obligations. 


<meeco> 


~ 





J . ayn? 
MANUFACTURING COMPANY 
301 Stack St., Middletown, Conn. 

New York, N. Y.; Rochester, N Y.; 





Detroit, Mich., Chicago, Ill.; Minneapolis, Minn., Pittsburgh, 
Pa.; Cincinnati, Ohio; Ridgewood, N. J.; Atlanta, Ga.; Mems 
phis, Tenn.; St. Louis, Mo.; Camden, N. J.; Washington, D. C, 


For more information, circle No. 402 





Epoxy—cont’d from p 12 





equal advantage for such things as 
glass, wood, plastics and 
metals. 


other 


Coating 





is easily applied it), 
spray gun. 








Stress relieving welded joint of huge tank was accomplished with chrom 





ium-nickel electrical resistance heating coils. 


Large Tank Stress Relieved with Wire 


A chromium-nickel electrical re- 
sistance heating wire covered with 
ceramic insulating beads has solved 
the problem of stress relieving the 
weld joining two halves of a 10-ft- 
dia, 114-ft-long steel] storage tank. 

According to Arcos Corp., the two 
halves of the tank were stress re- 
lieved in conventional heat treating 
furnaces. However, the furnaces 
were too small to accommodate the 
completed tank. The job was done 
by wrapping several lengths of Heat- 
O-Coil (resistance wire covered with 
ceramic insulating beads) around 
the outside diameter of the tank 
and hooking the two ends to a d.c. 
generator. Four thermocouples were 
spaced 90 deg apart and tack welded 
lightly to the inside of the weld 
seam. Thermocouple leads were 
brought out through one of the tank 
nozzles and attached to equipment 


192 ¢ MATERIALS IN DESIGN ENGINEERING 


Formerly Materials & Methods 


used to record data. 

To contro] the heating and cooling 
rate, the weld area was “sand- 
wiched” between two blankets of in- 
sulation, each consisting of two lay- 
ers of corrugated asbestos paper 
covered with a 3-in. thick blanket 
of wire-meshed rock wool. 

The heating cycle was initiated 
by applying 240 v across the heating 
coil terminals, causing the temper- 
ature to increase approximately 
400° F per hr. The temperature was 
maintained at 1100 F for about an 
hour and the power was turned off. 
The insulation retained enough heat 
to maintain the desired cooling rate. 

According to Arcos, the total cost 
of obtaining what is said to be 4 
“superior stress relief” was less than 
1/10 that of stress relieving by '”- 
duction heating. 

(more Materials at Work on p 1+) 






























PRECISION FORGINGS 
By WYMAN-GORDON 





















LENGTH 29” 








“a f LENGTH 30” LENGTH 49° 





Precision ... close tolerance ...low-draft... 
no-draft — these are relative terms and con- 
siderable confusion has been created because 
they have been loosely used. Close tolerances on large forg- 
ings have been pioneered by Wyman-Gordon over the years. 
The degree of precision which is practical now becomes a 
question of economics. 


The forgings illustrated are typical of Wyman-Gordon close 
tolerance forgings that have been produced in quantity. In 
solving problems of tolerances, design and metallurgical 
quality, there is no substitute for Wyman-Gordon experience. 


WyYMAN-GORDON COMPANY 


a i 
in Established 1883 


FORGINGS OF ALUMINUM @ MAGNESIUM @ STEEL @ TITANIUM 
) WORCESTER 1, MASSACHUSETTS 
iad HARVEY, ILLINOIS * DETROIT, MICHIGAN 
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THOSE IN THE KNOW, KNOW 


There's NO time waste 
There's NO machining 
There's NO orinding 
There's NO counting 
There's NO stacking 
There's NO iniking 











and there’s NO dirt between layers— ever, 


YES to... 















LAMINUM 


STAINLESS STEEL 


with laminations 
of .002” or .003” 








Laminated Shims of 


now available in 








. 





Send for free copy “Engineering Data File” 


for those who say 


p-e-e-I-s for adjustment 









; 
j 









with laminations 
of .003” only 


BRASS 


with laminations 
of .002” or .003” 





MILD STEEL 


with laminations 
of .002” or .003” 








LAMINATED SHIM COMPANY, INC. 


Shim Headquarters since 1913 
1610. UNION STREET, GLENBROOK, CONNECTICUT 


For more information, turn to Reader Service card, circle No. 520 
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Etched missile 
checked for accuracy. 


component is 


Etched Part Costs Less 
Than Machined Part 


Substantial savings in fabrication 
and tooling costs have resulted from 
the switch from machining to chem- 
ical milling in the production of 
Terrier guided missile components. 
According to Convair Div., General 
Dynamics Corp., chemical milling 
not only saves time and money, but 
is “ideally suited to the difficult con 
tour relief problems” (see photo). 

To produce the part shown in the 
accompanying photo, Convair first 
masks the material to be etched by 
alternately dipping it in a compound 
and heat drying four times. After 
final drying, the masking is trimmed 
and stripped away from areas that 
are to be etched. After etching, the 
part is rinsed and brightened in a 
mild etchant. 


Jet Engine Bearings 
Protected by Silicone 


The jet engine bearings shown in 
the accompanying photo were oper- 
ated at 7100 rpm for 50 hr under a 
5000-lb axial load and suffered no 
visible damage whatsoever. Reason: 
they were lubricated with a silicone 
fluid. 

According to General Electric Co., 
this test was one of a series pres- 
ently being conducted on silicone 
lubricating fluids. Indications thus 
far are that these lubricants “per- 








or handling 


FRICTION 


CORROSIVES 
HIGH and LOW 


TEMPERATURES 


X-RAY phot 


shows use of a Du Pont TEFLON TFE resin as sleeve bearings for auto carburetors . .. bearing ccsts are drastically reduced. 


Here’s why bearings of TFE-fluorocarbon resins may be your solution 


Bearings of TFE-fluorocarbon resins 
are “self-lubricating”. Even the best 
lubricants used on metal rarely pro- 
vide a coefficient of friction as low as 
0.04, which is readily attained with 
TFE resins at low velocities. Moreover, 
TFE resins are among the most chem- 
ically inert materials known to science. 
They are rated for continuous use at 
temperatures from —450°F. to 500°F. 


THAT’S WHY: You can use dry bear- 
ings of TFE resins where lubrication 
is difficult or even impossible. They 
perform unharmed in contact with 
hot, corrosive liquids . . . keep prod- 
ucts free of contamination by elimi- 
nating oil and grease. In liquid oxygen 
service (-321°F.), bearings of TFE 
resins offer the same low friction they 
do at room temperatures. 


REG. Us. par. OFF 


BETTER THINGS FOR BETTER LIVING 


In use, the bearings coat revolving 
shafts with a molecular film of the TFE 
resin. Thus, any friction is that of the 
resin against itself. Bearings of TFE 
resins can be tailored for high loads, 
high velocities or high wear-resistance 
by the use of reinforced constructions. 


Discover how you can improve your 
products and processes with bearings 
of Du Pont TFE-fluorocarbon resins. 
For product and design information 
see your local supplier. Look for him 
under “Plastics—Du Pont” in the Yel- 
low Pages or write to: E. I. du Pont 
de Nemours & Co. (Inc.), Room 
ME 2524, Nemours Building, Wilming- 
ton 98, Delaware. 


In Canada: Du Pont Company of Canada 
(1956) Limited, P.O. Box 660, Montreal, 
Quebec. 


TEFLON 


TFE-FLUOROCARBON RESINS 


.. THROUGH CHEMISTRY 


e A heavy duty TFE resin construction re- 
placed a super-alloy in rod-ends of aircraft 
controls. Lined sockets withstand operating 
loads as high as 60,000 psi without lubri- 
cation. Break-away and running friction are 
less than half that of a greased bearing. 


TEFLON is Du Pont’s registered trademark for its 
fluorocarbon resins, including the TFE (tetra- 
fluoroethylene) resins discussed herein. 


For more information, turn to Reader Service card, circle No. 361 
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Important to the Profit Picture 


in thousands of plants 


































e Alkalies e Emulsions 
e Phosphate Coatings 


From DETREX’s full line of alkali and emulsion cleaners you may chouse the one 
that has the precise qualities your operation demands. Whether you need solvency, 
stability, safety, corrosion resistance or straight cleaning for any metal cleaning 
operation, a DETREX alkali or emulsion product will fit the need. 

DETREX phosphate coatings for paint bonding, rust proofing, cold extrusion and 
many other finishing processes are reducing costs and increasing quality for 
thousands of such operations. 

DETREX expert technicians and field service men stand ready to help you now. 
Write today for full details. 


Depend on DETREX for Every Metal Cleaning and Processing Need 


Alkali and Emulsion Cleaners PERM-A-CLOR NA# Extrusion and Drawing 


Phosphate Coatings and (Degreasing Solvent) Compounds 

Paint Bond Compounds Solvent Degreasers Spray Booth Compounds 
Rust Proofing Oils and Ultrasonic Equipment Aluminum Finishing 
Compounds Industrial Washers Compounds 


*PERM-A-CLOR NA is the registered trademark of 


DETREX CHEMICAL INDUSTRIES, INC. 











BOX 501, DEPT. MM-10, DETROIT 32, MICHIGAN 
For more information, turn to Reader Service card, circle No. 478 
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Silicone lubricating fluid protects 
these bearings at temperatures as 
high as 700 F. 


form better in the 500-700 F rang 
than any other known fluids.” They 
are characterized by exceptional 
thermal and oxidative stability and 
are expected to find wide usage as 
high temperature lubricants for jet 
engines. (For further technical de- 
tails on this and other silicone lubri- 
cants, see M/DE, Apr ’58, p 124.) 


Extruded Steel Shape 
Replaces Milled Bar 


Production of swing-out arms for 
the cylinders of target revolvers 
has been simplified and speeded up 
by as much as six times as a result 
of the switch from milled bar stock 
to extruded shapes. In addition, 
production cost has been reduced by 
about 8%. 

The finished arm is 7/382 in. wide, 
except on the outward end where a 
head 5/8 in. wide is required. Accord- 
ing to Jones & Laughlin Steel Corp., 
the part was originally milled out 
of 1 3/8-in. lengths of 5/16 x 5/8-in. 
bar stock. Now the part is made by: 
1) cutting 5/8 in. long blanks from 
a bar extruded to the general con- 





STANDARDS ARTICLES REPRINTED 


The six-part “Guide to Materials 
Standards and Specifications’ which 
appeared in M/DE, Mar to Aug ‘58, 
is now available as an attractive 24- 
page reprint, as a result of many 
requests. Cost: 75¢ each in quan! 
ties up to 10; 60¢ each for 10 oF 
more. Order from Reader Service Dep!. 








—— 
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National Cash Register rings up 


The Stokes Model 640 powder metal 
compacting press in National Cash 
Register Company’s Dayton, Ohio, 
plant. NCR’s philosophy—"The pow- 
der metal part must be of equal or 
better strength than a part fabricated 
from wrought material.” 


savings through powder metallurgy... 


The Stokes Model 640 50-ton powder metal press, at the 
Dayton, Ohio, plant of National Cash Register Com- 
pany, has proved a valuable tool in the production of 
precision gears and parts for cash registers and account- 
ing machines. In 1957, over 250 different high-density 
parts were made by powder metallurgy—in early ’58, 
47 additional parts went into production. 


The economic benefits of this process have also been 
proved. A cost analysis of 54 parts shows substantial 
savings per year through lower direct labor costs in 
machining and inspection. More complex parts are 
continually being introduced—parts with hubs, steps, 
and thin projections—made possible by press equip- 
ment such as the Stokes 640. 


The Stokes Model 640 offers up to five press motions 
with independently adjustable compression, fill and 


Powder Metal Press Division 
F. J. STOKES CORPORATION 


5500 Tabor Road, Philadelphia 20, Pa. 


ejection points . . . each with direct reading position 
indicators calibrated to .001’’. This set-up versatility is 
teamed with operating simplicity that enables eco- 
nomical long or short runs, and permits easy re-runs of 
jobs on which set-up standards have been established. 


Investigate the proved potential of powder metal press- 
ing ... not only for ways to cut costs and save metal 
over conventional machining, but also for ways to get 
properties of metals, alloys and mixtures not attainable 
by other techniques. Ask for a production and economic 
analysis on your own parts. Stokes’ facilities include 
sample production, punch and die design and fabrica- 
tion, and operator instruction. Stokes Engineering 
Advisory Service is ready to serve your powder metal- 
lurgy needs, whether large or small. 








For more information, turn to Reader Service card, circle No. 391 
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Molybdenum 
seet spon 


Since the introduction of 
Fansteel’s stocking pro- 
gram in January 1957, 
over 1000 customers have 
| saved time and money by: 





| V accelerating engineering development 

| programs 

V speeding up prototype work and pilot runs 
V getting into production without delay 


V keeping inventories at a minimum. 


STOCK 






Let this Fansteel Service help save money in your 


own programs by giving you the flexibility of immediate 


deliveries and lower inventory costs. 


TANTALUM USERS get the same benefits from the 


Fansteel ‘Tantalum Sheet stock program. 


IMMEDIATE .005” 


DELIVERY .007” 
ON THESE .010” 
7 SIZES .012” 
OF DUCTILE .015” 
MOLY "D" .020” 
SHEET .025” 





Send For New Price Bulletin 


| EANSTEEL 





NPDES eae Va acl ler Viele) ite) 7 vale), 


NORTH CHICAGO, ILLINOIS, U.S.A. 
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Extruded shape (right foreground) 
replaces milled bar stock in produe- 
tion of swing-out arm for revolver 
cylinders. 





Blanks are cut 10 at a time. 


tour of the finished part, 2) machin- 
ing the arm to a width of 7/32 in., 
3) drilling a hole for the pin on 
which the arm swings, 4) silver 
brazing a 5/16-in. dia steel tube 
on which the cylinder rotates in the 
circular contour of the head, and 
5) milling the desired contour on the 
head. 


Aluminum Ceiling 
Can Heat or Cool Room 


A new type of ceiling installation 
utilizing perforated panels of enam- 
eled aluminum sheet and a layer 
of insulating material is said to per- 
form three different functions: it 
can heat, it can cool and it can 
absorb sound. 

As shown in the accompanying 
photo, the layer of insulating ma- 
terial is first placed in position and 
a series of water pipes are installed 
along the length of the ceiling. !n- 
stallation of the panels is then 4c 
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ARC WELDING AT WORK CUTTING COSTS 


pe ONE 


Wel dynamics . i 








iron to welded 
» | steel saves 61% 


on blower hubs 


Because steel is 3 times stronger, 2% times more 


aaa 


rigid and costs ¥% as much as cast iron a blower manu- 
facturer was able to cut costs of blower hubs 61%. 


Additional advantages of welded steel are: 


e 42% lighter permitting use of lighter bearings 
and shafts 





e Higher maximum speeds—no danger of fracture 
e Easier balancing 
e Better appearance 
Your product can be made better at less cost with welded 


Steel. A Lincoln man trained in Weldynamics will help you. 
1e Call or write. 








DESIGN AIDS! (Top) Blower rotor with cast iron bub 


attached by rivets. 
“Procedure Handbook of Arc Welding Design and Practice” 


new 11th edition has 1300 pages, 1100 illustrations, 240 pages (Bottom) Same size rotor with welded and 











on Machine Design. $3.00 postpaid in U.S.A., $3.50 elsewhere. spun steel hub attached by intermit- 
Send for Machine “Design Ideas”, free to engineers and tent welds. 
n supervisors. 
Machine Design Seminars, conducted at our Cleveland Plant. 
yn 
N- 
er 
re 
it 


» The World’ Largest Manufacturer 
ng , of Are Welding Equipment EY 
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\c- THE LINCOLN ELECTRIC COMPANY « DEPT. S711 e CLEVELAND 17, OHIO 
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CORROSION-PROOF | 
GAS SCRUBBING 
TOWER 





fabricated 
from 


DURACOR 


Reinforced 
Plastics 


PROBLEM: A large zir- 
conium producer needed a 
material to withstand cor- 
rosive gases entering scrub- 
bing towers at +300° F. 


SOLUTION: Working from customer speci- 
fications, Ceilcote engineers designed and 
built this unit — base, body and tower — 
completely from DURACOR. 


RESULT: DURACOR now provides long 
life and maintenance-free operation in han- 
dling HC1 gases and chlorine. 


WHAT’S YOUR PROBLEM? DURACOR 
resists practically any corrosive gas, fume or 
liquid . . . offers unlimited applications be- 
cause it can be fabricated to any shape. 
Write today and teli us about your re- 
quirements. 


SEE OUR INSERT IN CEC 





had 
ee 





DURACOR... 
Tensile Strength: 
11-15,000 PSI 
Flexural Strength: 
20-30,000 PSI 
Resists many 
acids, alkalies 


and solvents. 


AWA 


THE 
CEILCOTE CO., Inc. 


*Birmingham, Alabama « Buffalo, New 
York ¢ *Chicago, Illinois * *Cleveland, 
Ohio © *Detroit, Michigan « Evansville, NAME 
Indiana ¢ *Houston, Texas « Kansas City, 


The Ceilcote Company 
4899 Ridge Road « Cleveland 9, Ohio 


Please send me free of charge your 
DURACOR Catalog. 























Missouri ¢ Los Angeles, California « *San COMPANY 

Francisco, California « Seattle, Wash- STREET 

ington © Springfield, Massachusetts. 

* Warehousing hisake Gane RECT coe we Samaras ne anaes 
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Burgess-Manning Co 
Aluminum panels are snapped on. 


complished by merely snapping them 
into special clamps attached to the 
water pipes. 

Whether the ceiling heats or cools 
depends on whether the water run- 
ning through the pipes is hot or 
cold. The insulating material actu- 
ally performs two functions: it is 
both sound absorber and heat re- 
flector. 








cneseeh plastics stonh~-The 
asbestos - reinforced phenolic fume 
stack shown above is said to be the 
largest plastics unit of its type ever 
installed; it stands 179 ft tall, is 
5 ft in dia and weighs 42,000 |b. 
Produced by Haveg Industries, Inc. 
for use by Molybdenum Corp. in the 
production of molybdenum oxide, the 
stack was originally installed to re- 
place a stainless steel unit which 
corroded after only eight months 4s 
a result of corrosive fumes. The 
phenolic stack has been in service 
for over three years without signs 
of deterioration. 
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for strength, corrosion resistance and sales appeal 
.::it had to be Stainless 


Cap 
No. 5-Treated & 


so Handle 


No. 5 











_.. Piston 


No. 440-FM 





Sleeve 
No. 5-Treated 
















Handle Segment 
No. 5 





In this new one-handle mixing faucet all the important working parts are made of wear-resistant, 


corrosion-proof Carpenter stainless steels. Once you select stainless steel by Carpenter, you can 





forget about corrosion. You can design for high stresses, disregard maintenance problems, stop 
worrying about temperature variations and be assured that fabrication will be easy. And you not 
only get the help of consumer-acceptance of stainless products, but also the long experience of 
Carpenter. From the lab work through final production, Carpenter staffmen have the knowledge 
and the data. Call your Carpenter representative for the engineering information on stainless that 
you need. The Carpenter Steel Company, 135 W. Bern Street, Reading, Pa. 


[arpei 


The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 
Alloy Tube Division, Union, N. J. 

Carpenter Steel of New England, Inc., Bridgeport, Conn. 

Webb Wire Division, New Brunswick, N. J. 
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now available 


MAMMOTH EXTRUSIONS 


Big magnesium and aluminum extrusions produced from Dow’s 13,200 ton press 





A whole new range of king-size dimensions is now available 
for design engineers. Dow’s new 13,200 ton extrusion press 
at Madison, Illinois, is producing “special” sizes for quick 
delivery. These projects include work for aircraft and 


missiles, automotive, building, and highway construction. 
Here’s what the big press can do in the way of magnesium 


and aluminum extrusions to meet your special requirements. 


FOR DESCRIPTIVE LITERATURE on 
the big press, contact your near- 

















Check this list: 


2. 
3. 
4. 
5. 


LARGER EXTRUSIONS. Sizes up to a circumscribing 
circle of 30” 

LONGER EXTRUSIONS. Up to 80 feet in length 
THINNER SECTIONS. Down to 0.125” 

STEPPED EXTRUSIONS. Solid or hollow 

COMBINED HOLLOW EXTRUSION-FORGINGS 


est Dow sales office, or write YOU CAN DEPEND ON 


The Dow Chemical Company, Mid- 
land, Michigan, Dept. MA /!401J-1 
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PRICES | 































... AT A GLANCE 





NICKEL PRODUCTION HAS BEEN REDUCED an additional 20% by International 
Nickel Co. of Canada—its third cut this year. The latest cut amounts 
to more than 4 million pounds per month and brings Inco's annual 
production rate down to 200 million pounds; the company's 1957 rate was 
510 million pounds. Reason for the cut: continued accumulation of 
unsold nickel in "our hands and the hands of the U. S. Government." — 





GREATER AVAILABILITY OF GLASS PLATE is in the offing as a result of 
Pittsburgh Plate Glass Co.'s new $34=-million plant. According to 
Robert F. Barker, vice president, the new plant is geared to produce an 
estimated 50 million square feet of polished plate glass per year. 


PRICES OF POLYVINYL ACETATE EMULSIONS HAVE BEEN REDUCED 5¢ per lb by 
Shawinigan Resins Corp. The new price is 47¢ per lb for truckload 
quantities. According to Shawinigan, the price cut was made possible 
by "manufacturing economies" and increased usage in the adhesives, 
coatings, synthetic fabrics and building products industries. 


THE FIRST LEGAL BATTLE RESULTING FROM DU PONT'S covering linear 
polyethylene (see M/DE, Apr '58, p 24%) is now going on in the U. S. 
District Court at Wilmington, Del. Du Pont has filed suit against 
Phillips Petroleum Co. charging an infringement of the patent. Ph-llips, 
presently marketing a linear polyethylene under the tradename Marlex, 
has stated that Du Pont's patent is "invalid and not infringed." 








AVAILABILITY OF STEEL SHEET AND STRIP in the western part of the U. S. will be 
substantially incz>eased as a result of Kaiser Steel Co.'s recent 
completion of a new hot strip mill in Fontana, Calif. According to 
Jack L. Ashby, vice president and general manager, the new mill will 
virtually double Kaiser's total annual output—from 1,564,000 to 

ing 2,933,000 ingot tons. In addition to sheet and strip, the mill will 
turn out semifinished steel for use in tinplate and electric weld pipe. 


POLYPROPYLENE PRODUCTION IN THE U. S. WILL BE INCREASED by 40 million 
pounds per year as a result of Standard Oil Co.'s entry into the 
petrochemical plastics field. Humble Oil, a Standard affiliate, will 
produce the material at a new plant in Texas. Marketing will be 
handled by Enjay Co., a subsidiary of Standard, through its own 
facilities and through Spencer Chemical Co. Patents are held by Esso 

. Research & Engineering Corp. and Ziegler catalysts are used. 


The next quarterly tabular report on Prices of Materials will appear in the December issue. 
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Typical pushers, machined from 
Synthane laminated plastics, used 
for railway signal relay. 











Railroads can’t even think in terms 
of failure. And that is why, among 
the many working parts that con- 
stitute railway signal relays, you find 
pushers made of Synthane lami- 
nated plastics. 

These pushers, on which life itself 
depends, must in the words of one 
manufacturer have “excellent in- 
sulating characteristics—be durable 
and unchanging,” must “‘not chip, 
wear and thus leave residual dust or 
particles which would cause trouble 
if they should lodge on the elec- 
trical contacts.” 

Synthane has all of these charac- 
teristics plus a combination of many 


other useful properties required for 
reliable performance. Equally im- 
portant is the dependability of 
Synthane, the company, as a source 
of supply. You are urged to visit us 
and see for yourself the plant behind 
Synthane sheets, rods, tubes and 
fabricated parts—or to discuss this 
important point with our repre- 
sentative. Meanwhile, write for our 
new, complete catalog. 


SYNTHANE CORPORATION, 3 RIVER ROAD, OAKS, "A: 


For more information, turn to Reader Service card, circle No. 379 
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The 8th National Plastics Expo- 
sition and Annual Conference, spon- 
sored by the Society of the Plastics 
Industry, Ine., is scheduled to be 
held Nov 17-21 at Chicago’s Inter- 
national Amphitheatre. The theme of 
both the Exposition and Conference 
is “Plastics for Profits” and, accord- 
ing to John J. Bachner, chairman 
of the Exposition Committee, a rec- 
ord attendance is expected. 

“In addition to stressing the tech- 
nical and competitive advantages of 
plastics from a manufacturing stand- 
point,” Mr. Bachner says, “most of 
the 200 exhibitors at the Exposition 
will demonstrate the progress of the 
industry’s research and development 
programs during the past two 
years,” 


THE HARD SELL 
















1958 Plastics Show To Be Held in Chicago 


According to William T. Cruse, 
executive vice president of SPI, ex- 
hibits at the Exposition “will illus- 
trate how plastics materials and 
processes, properly applied, con- 
tribute to improvement of product 
quality, performance and mainte- 
nance, often at the same or lower 
costs.” 

Admission to the Exposition is 
limited to properly registered repre- 
sentatives of industry, education and 
government. Tickets may be obtained 
by writing to SPI, 250 Park Ave., 
New York, N. Y. 

The Annual Conference, to be held 
at the Hotel Morrison, will consist 
of panel discussions on: manage- 
ment, costing procedures, design 
trends, sheet forming, plastics in 
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INSULATION 
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“Now I put my hand on this side and I can’t feel a thing.” 
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building, cellular plastics, appliance 
applications, merchandising and dis- 
tribution programs, and opportuni- 
ties. 

Some of the papers scheduled for 
delivery at the Conference include: 
“Formed Plastics Sheets and Indus- 
trial Applications, Including Fur- 
niture,” “Methods of Estimating -on 
Plastics Parts,” “Design Trends in 
Plastics,’ “Applications for Rigid 
Foams,” and “Properties of Various 
Types of Cellular Plastics.” 

A special event, the International 
Forum, will bring together experts 
on plastics development, production 
and applications from all over the 
world. Authorities from more than 
51 countries are expected to partici- 
pate. 

For details on registration, tech- 
nical programs and a complete list 
of exhibitors, see the November 
issue of M/DE. 


Soviet Technical Data 
Now Being Translated 


Translations of Soviet technical 
information will now be available to 
American science and industry as 
a result of the establishment by the 
U. S. Dept. of Commerce of a For- 
eign Technical Information Center. 

According to Commerce Secretary 
Sinclair Weeks, “The program will 
add substantially to the wealth of 
technical information that the Office 
of Technical Services (OTS) can 





METAL SHOW—See pp 19-25 for com- 
plete details on registration, technical 
program and exhibitors at the 40th 
National Metal Exposition and Con- 
gress, Oct 27-31, in Cleveland. 
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STEEL CASTINGS’ help build 
dependability into the modern | 
| cargo carrier... 



















UNITCASTINGS! 


“sed 
¥ 





| Transporting America’s 
products by truck-trailer is a gigantic, 
ever-increasing task—calling for dependable, 
rugged, long-lasting equipment. 

This is the reason many manufacturers of 
over-the-highway carriers specify foundry engineered 
UNITCASTINGS for many component parts. 





High quality cast steel affords intricate, one-piece designs | 
.. Offers uniformity and strength for longer life, | 
less maintenance, and more dependable product service. 


And... foundry engineered UNITCASTINGS, | 
produced by superior methods, assure steel castings that | 
are internally sound ... surfaces that are clean and 
dimensionally accurate... and require minimum 
finishing. Lower finished cost is the rea/ advantage 
of specifying UNITCASTINGS. Write for 

complete information today! 


UNITCAST CORPORATION, Toledo 9, Ohio 
In Canada: CANADIAN-UNITCAST STEEL, LTD., Sherbrooke, Quebec 





SPECIFICATION 
STEEL 
CASTINGS 
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supply to industry in an 
Services to be provided by ; 
center include publication , ray 
lated abstracts of all articles »») 
ing in 141 Soviet technical jours) 
translations of important tions 
(biology, chemistry, physics) of p,. 
ferativnvy Zhurnal (the Russians’ 
own abstract journal), and a sen). 
monthly review of various areas ad 
Soviet science compiled by th, Cen. 
tral Intelligence Agency. 

Abstracts of each issue of the 14) 
journals may be purchased frop 
OTS on a subscription basis or single 
issue basis, as may CIA’s Scientis, 
Information Report. The various sec. 
tions of Referativnvy Zhurnal wi) 
be sold initially as single issues, byt 
subscriptions may be offered later 

Some of the magazines to be ab- 
stracted include: Metallography and 
Metal Working, Metallurgist, R, 
fractories, Steel and Nonferrous 
Metals. Some of the general areas 
to be covered in the abstracts in- 
clude: aeronautics, astronomy, chem- 
istry and _ chemical _ engineering, 
civil engineering, electrical engineer- 
ing, fuel and power, geography and 
geology, mechanical engineering, 
medicine, military science, mining 
and metallurgy, physics, and scienc 
and technology. 

Complete translations of Russiat 
articles and books are_ presently 
being distributed by OTS. Trans- 
lations are listed in an _ abstract 
journal which began publicatio1 
September. 

For further information, contact 
OTS, U.S. Dept. of Commerce, Wash- 
ington 25, D.C. 


Vacuum Symposium 
Set for Oct 22-24 


The fifth National Vacuum Syn- 
posium, sponsored by the American 
Vacuum Society (formerly the Com- 
mittee on Vacuum Techniques), wil 
be held Oct 22-24 at the Sir Francis 
Drake Hotel, San Francisco. 

The program will be divided into 
five categories: 1) fundamental basis 
of vacuum techniques, 2) applic 
tions of vacuum in pure and ipplied 
science, 3) vacuum systems and com: 
ponents thereof, 4) instrumentatio” 
and control, and 5) vacuum processes 
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| There is a MICO LAMICOID® LAMINATE 


to meet all your requirements 


Designing switchgear or a motor? A meter or a 
transformer? Dial plates or instrument panels, In 
these and hundreds of other products, MICO LAMI- 
COID components provide outstanding mechanical 
and electrical characteristics. 27 years of laminates 
manufacture, continuous research on new and exist- 
ing grades and complete facilities are your assurance 
of top quality products, engineered to your require- 
ments. 


FORMS AVAILABLE 

Lamicoid laminates are available in sheet, rod or 
tube form in all standard NEMA paper, fabric and 
glass base grades. In addition, Mica Insulator has 
one of the most fully eqipped sections for fabricated 
parts in the country. Two shops — one in Schenec- 
tady and one in Monrovia, Cal. — are maintained to 
provide you with prompt deliveries. 


DECORATIVE LAMICOID 

Mica Insulator specializes in graphic and engraved 
decorative laminates too. Opaque or translucent 
types in a wide variety of color combinations or 
wood grain materials are available. 


MICANITE® AND ISOMICA® PRODUCTS 


2-DAY SERVICE 

Ample stocks of standard grades of LAMICOID 
laminates are maintained in Schenectady, Chicago 
and Los Angeles. You can be assured of 2-day — 
frequently overnight — shipment of your orders for 
standard material. 


SEND COUPON FOR MORE DETAILS 











pom 
| Mica Insulator 

| Div. of 3M Company 

| 732 Broadway 

Schenectady, N. Y. 

| Send technical data on Lamicoid Laminates. 

| Send data on decorative Lamicoid Laminates. 

| Have your representative call. 

| 

| EE ES _— 
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|  —— Zone State 








MICA INSULATOR 


Division of Minnesota Mining & Manufacturing Company 
SCHENECTADY 1, N. Y. 
LAMICOID® LAMINATES & FABRICATED PARTS 








*T. M. E. |. DuPont de Nemours & Co. 
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¢ CORROSION 
| STICKING 
‘© DISTORTION 
¢ GUMMING 
¢ CONTAMINATION 
¢ SWELLING 


RGANITE 


Bearings, Seals, Piston Rings, 
Valves, Slides, Contacts, etc. 











Insure trouble-free operation in continuous service in high tem- 
peratures and pressures, oil, corrosive acids, gases, grease and 
grime. Morganite components “step-up” efficiency, reduce fail- 
ures and machine down-time. Install application-tested 
MORGANITE components for better performance on aircraft 
and industrial fuel pumps, meters, food and processing equip- 
ment, jet engine pumps, radar equipment, conveyors, compressors, 
sealed mechanisms and wherever lubrication is a problem. Engi- 
neering bulletins on typical applications available on request. 


CALL OR WRITE now, for complete information or recommen- 
dations on your specific applications. Morganite engineers will 
gladly assist in working out your problems. 








; | 
Jet Engine Current Drum Controller !  Self-lubricating 
Pump Vane ' Collector ' Contact « Radar Contact 
| Morgan --+FOR OVER HALF A CENTURY 
3324 48th Avenue 
POMBE INCORPORATED Long Island City 1, N.Y. 





Manufacturers of Fine Carbon Graphite Products including Mechanical Carbons, Motor 
and Generator Brushes, Carbon Piles, Current Collectors and Electrical Contacts. 





Distributors of 99.7% Pure Al,O; Tubes and Crucibles 
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and their industrial appli 
Some of the papers schedu 
presentation include: “Vacuu 
ess Evaluation,” “Stress <A) 
—Glass-to-Metal Seals for | 
Vacuum Systems,” “Rates of 
oration of Various Alloys at Ten 
peratures from 1400 to 2400 PF 
and “Some Properties of \Y 
Treated Bessemer Steel.” 


) 
i U{ 


Revised Classifications 
for Insulating Materials 


A little over a year ago, the Amer-. 
ican Institute of Electrical Engineers 
published a set of revised standards 
on electrical insulating materials 
which included new definitions and 
designations. The new designations 
are based on operating performanc 
(temperature) as opposed to compo- 
sition of materials, the previous 
method of classifying. 

According to AIEE, the revised 
standards have been receiving slow, 
but steady acceptance. Listed below 
are the new classifications; old classi- 
fications are in parentheses: 

90 C (Class O)—Unimpregnated 
materials (or combinations of mat 
rials) such as cotton, silk and paper, 
or other materials capable of ope 
ating at 90 C (195 F). 

105 C (Class A)—Impregnated « 
coated materials (or combinations of 
materials) such as cotton, silk and 
paper, or materials immersed in a 
liquid dielectric, or other materials 
capable of operating at 105 C (220 F). 

130 C (Class B)—Materials (or 
combinations of materials) such as 
mica, glass fiber and asbestos with 
suitable bonding substances, or other 
materials capable of operating at 
130 C (265 F). 

155 C (Class F)—Materials (or 
combinations of materials) such 4s 
mica, glass fiber and asbestos with 





DON’T MISS AN ISSUE — Changing 
your address? If so, please let vs 
know two months in advance. With 
such notice, which we need for effi- 
cient operation, we will do our best 
to see that you don’t miss an issue. 
Be sure to include your new posta! 
zone number. 
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rds Stainless steel, carbon steel, alloy iron or special analyses— j 
als versatile Acrpco tubes are ‘“‘custom-spun”’ to the exact . g , 
ind physical, chemical and metallurgical specifications required | 
- by design, manufacturing and end-use conditions. SIZE RANGE: Lengths up to 410” | 
nce ° ° 
Because they are centrifugally spun, the metal grain struc- have been produced to meet modern 
po- . : . : . j ; ’ 
a ture of Acrpco tubes is dense, non-directional and porosity- machinery requirements. OD's from 
S ° ; a ” ". ” 
free. This superior grain structure not only makes AcIPco mip to 50"; wall thicknesses from .25 
: ; o 4”. 
= tubes easier to machine to close tolerances, but also results 
hl . - +s . ANALYSES: All alloy grades in 
OW, in greater strength and durability. In addition, the inherent 
low dimensional stability and concentricity of Acipco tubes make steel and cast sheti including heat and 
Haatiitn Tabincens dinele 7 Sa ties tale eis corrosion resistant stainless steel, 
ssi- ynamic balance easier to attain in finished products. phate carbon steel and eeecial and 
: a é ial analyses. 
Acrpco’s complete, integrated facilities for casting, heat- FINISHED: A ‘ 
ted treating, machining, fabricating and testing offer the addi- $ AS CAS, FoUgh Mach- 
te . &< . in fini in in i 
tional advantages of “‘one source—from start to finish”’ ed, or finished machi od, | cluding 
er, iia honing. Complete welding and machine 
ye ale ges | . - , shop facilities for fabrication. 
Call or write today for information about Acreco tube | 
a applications in your field, or for expert technical assistance | 
cal on your specific tubular metal problem. 
and 
na 
° s) ) 
jals | 
F). FABRICATION 
(or Complete, integrated facilities for 
q machining, welding, finishing and heat 
as treating of tubular parts save time and 
vith expense for ACIPCO customers. 
her { —_ aml - 
at HEAT TREATING MACHINING 
ACIPCO tubes are centrifugally Modern equipment for uniform, ACIPCO'S machine shop, one of 
, spun to exact physical and metal- controlled heat treating and the South's most completely 
(o! lurgical specifications. Thus, the quenching is an ACIPCO advan- equipped, performs a full range of 
: exact size and metal analysis your tage for users of steel tubes where machine shop operations including 
| as Process or project requires is as- specific physical, mechanical and turning, boring, drilling, facing, 
vith sured. other metal properties are required. Looker seat metallizing, polishing 
and honing. 
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TECHNICAL ASSISTANCE 


A staff of highly trained engineers, 
metallurgists, chemists, and craftsmen 
is available to designers and manu- 
— who specify ACIPCO spun 
ubes. 


Valian 
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1 
LGM, ' _ _— suitable bonding substances, o lator 
ae 3 —~ “ Ws : materials capable of operat - 


155 C (310 F). 


cuts the cost 180 C (Class H)—Materials (or 
combinations of materials) such as 
of small parts... 
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silicone elastomer, mica, glass fiber 

and asbestos with suitable bo ding 

substances such as appropriate gjJj. 

cone resins, or other materials cap- 

a able of operating at 180 C (355 RF). 

Shown actual size 220 C—Materials (or combination: 

of materials) which by experience oy 

accepted tests can be shown to bp 

capable of operation at 220 ¢ 
(430 F). 

Over 220 C (Class C)—Inorganic 
matelials such as mica, porcelain, 
glass and quartz, or other materials 
capable of operating at temperatures 
over 220 C (430 F). 


Copies of the revised standard may 
METHOD A METHOD B the GRC be obtained from AIEE, 33 W. 39th 


method St., New York 18, N. Y. 


i 





Take, for example, 
this part which 
previously had 
been produced 3 
different ways.. 











ASSEMBLY OF 
2 SCREW MACHINE 
PARTS 
| 
| 


C =| Cre 


Screw Machine Part 


CONVENTIONAL 
DIE CAST AND 
MACHINED PART 





AUTOMATICALLY 





DIE CAST 





International Meeting 
on Plastics Standards 
=. =| Cra = =) vi —— ss An international symposium or 


} Mill Slot 














Plastics Testing and Standardization 




















Trimmed 
$03 <a. has been scheduled immediately fo 
X nt J = ™ . ‘ — 
Machined Extrusion ae = pa lowing the fall meeting of the Amer- 
= — —>.p Machining for ican Society for Testing Materials 
: — Sj re par _ Committee D-20 on Plastics. The 
izing Oo fameters ° 

es , program comprises four sessions 
— scheduled for Thursday and Friday, 
Production Production Oct 30-31 at the Benjamin Franklin 

Steps Steps , : . 

Hotel, Philadelphia. 
The symposium, sponsored by 
1. 3 inspections +. 2 inspections —only one inspection ASTM on behalf of the American 
Now take a look at these comparative figures ... Group of the International Organi- 
zation for Standardization (ISO), 
Purchased Scrap Cost in lots of rs sammie “ andards Are 
Material Cost/M Generation 100M | 500M | «Wilh discuss “ow Srandards 
| Achieved,” “Methods of Test for 
| ingineeri operties of Plastics,” 
Method A Brass $30 30% $70/M | $69/M | Engineering Properti¢ Plastics,’ 
| “Thermal Properties of Plastics, 
Method B Zinc Alloy $3.82 5% $30/M | $28/M | and “Methods for Molecular Char- 
GRC | acterization.” 
Method Zinc Alloy $3.64 None $15/M | $11.50/M 























ee | _ Beryllium Metal 


Check the chart; you'll see clear proof of how GRC’s DIE MAXIMUM SIZES: 








CASTING METHOD offers substantial savings on your small . ‘ H i 

parts. The Gries Method delivers parts a high uniformity, GRC) greg =n > 1%” long, V2 oz. Subject of Symposium 
with close tolerances . . . ready for use. Assembly and | zine | NO MINIMUM , 5 
most other secondary operations are eliminated. Write, bs die | Availability, cost, properties, form- 
wire, phone NOW for GRC’s bulletin ‘Small Die <a castings | ing and uses of beryllium were cOV- 
Castings Exclusively"’; send prints for quotation. a ind ered in some detail at the first Sym- 


World's Foremost Producer of Small Die Castings posium on Beryllium Metal, recently 


GRIES REPRODUCER CORP. sponsored by Beryllium Corp. 


153 Beechwood Ave., New Rochelle, New York * NEw Rochelle 3-8600 poner The symposium, attended by “key 
See GRC at the METAL SHOW «* Booth 550 [Z & i n” from the West Coast aircraft 
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Midget Adding Machine 
) New Step in 


ons 
- or 


: Miniaturization 


nic This telephone-size, 7’4-pound adding machine, the 
ain, Add-Mate, is Underwood Corporation’s newest bid 
lals to reduce size and weight of business machines. 
Easily portable, it can be slipped into a desk drawer 
or under a counter when not needed. Contributing 
to its compactness and lightness is the attractive, 
two-toned housing of CYMAC SUPER* 201 methyl- 
styrene-acrylonitrile copolymer plastic. 


ires 





nay 
9th 





















1eT 

als’ 

The 

ons 

lay, 

<lin 

by 

can 

ini- 

0), 

Are 

ve THE COLORFUL TWO-PIECE HOUSING 

ns,” is molded of CyMAC SUPER. Shown above, respectively, It is unaffected by the diester permanent lubricant applied 

ram are the complete unit, the unit minus the top section, and to the mechanical assembly prior to encasement in the 
the inner sides of the top and bottom sections. CYMAC housing. The transparent, serrated tear-plate, also CYMAC 
SUPER was selected because of its toughness, surface SUPER, and the housing are injection-molded for Under- 
hardness, and resistance to heat, staining and denting. wood by Nopco Plastics, Inc., Erie, Pa. *Trademork 

n 

0V- PLASTICS AND RESINS DIVISION 

ym- 34M Rockefeller Plaza, New York 20, N. Y. 

ntly 

os In Canada: Cyanamid of Canada Limited, Montreal and Toronto 

-aft Offices in: 


Boston * Charlotte * Chicago « Cincinnati * Cleveland « Dallas + Detroit * Los Angeles « Minneapolis * New York * Oakland « Philadelphia « St. Louis * Seattle 
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SLUSH 
MOLDING 


REYNOSOL Slush Molding for- 
mulations are being used in an 
increasingly large variety of 
operations which include man- 
nequin heads and neck pieces, 
baby doll head and body parts, 
electrical parts, and novelties. 
Typical undercuts found on 
slush moldings present not the 
slightest problem to Reynosol, 
thanks to special releasing 
agents incorporated into the 
formulation. 








“UNLIMITED 





COMPETITIVE 
-WITH RUBBER 


> 





AGING 
PROPERTIES GOOD 





LIGHT RESISTANCE GOOD 





TYPE OF DRY AND 
SURFACE GLOSSY 





TENSILE STRENGTH VERY GOOD 





SCUFF RESISTANCE VERY GOOD 





ABRAISON ; 
RESISTANCE VERY GOOD 





ALKALI RESISTANCE VERY GOOD 





ACID RESISTANCE VERY GOOD 





OjL RESISTANCE VERY GOOD 





AS HIGH AS 
HARDNESS 95 (SHORE-A] 





% FILM FORMING 100% 





2,000 TO 
VISCOSITY £000 CPs. 





TEAR RESISTANCE GOOD 














FIRE HAZARD NONE 





Member Viny! Dispersion Division, SPI 





ANN ARB ~ MICHIGAN 
DIVISION OF STUBNITZ GREENE CORP. 


For more information, circle No. 509 








industry, scientists, engineers, re- 
search personnel, and armed forces 
and Defense Dept. representatives, 
was created in response to Beryllium 
Corp.’s offer to share “its basic 
knowledge of the metal.” 

The purpose of the symposium was 
to disseminate knowledge leading to 
the development of beryllium struc- 
tural applications. According to 
Beryllium Corp., substantial interest 
in the material’s possible use in air- 
craft and missiles has begun to de- 
velop during the past year and the 
need for information on the metal’s 
properties and fabricating possibili- 
ties is becoming more and more 
urgent. As a result, the Air Force 
and Navy within the past year have 
begun sponsoring research programs 
aimed at developing commercial tech- 
niques for the production of sheet, 
rod, extrusions, forgings and fabri- 
cated parts. 

Some of the subjects covered at 
the symposium included: availability, 
cost, toxicity, ductility, other basic 
property data, applications, research 
and development, beryllium billets, 
hot pressing, machining, casting, ex- 
truding, forging, rolling, joining 
techniques, beryllium oxide, and 
health and safety aspects. 

The second Beryllium Metal Sym- 
posium will be held in November. 


Engineers 





Dr. Alfred Seeger has been appointed 
to a professorial chair in metal 
physics, New York University. 


Dr. Schrade F. Radtke has been ap- 
pointed research director of the in- 
dustry development committees of 
the American Zinc Institute and the 
Lead Industries Assn. 


F. Dudley Chittenden has been ap- 
pointed manager of Marvinol opera- 
tions, Naugatuck Chemical Div., U. S. 
Rubber Co. 


John R. Hursh has been named chief 
engineer, and Paul Buker supervising 
product engineer, Armco Drainage & 
Metal Products, Inc., a subsidiary of 
Armco Steel Corp. 


Dr. M. J. Day has been named head 
of Crucible Steel Co. of America’s 
newly formed Technology Dept. 
Other appointments in this depart- 
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010” to 1.125 O.D. . . . wall 
thickness down to 0.0015” 
held to extremely close tolerances. 


neageeg 





Pte Se ene eam 


SHAPE 


Round, rectangular, oval or square 
—formed to any specifications. 





ALLOY 


Copper, brass, aluminum, nickel 
and nickel-alloys, Ni-Span C, phos- 
phor-bronze and nickel silver, 











OES MOREE a 





TECHNICAL DATA 


. to help your product. Write 
for Tubing Know-How Booklet to 
Precision Tube Company, North 
Wales, Pa. 


1.4 
RECISION 


TUBE COMPANY 


For more information, circle No. 381 











Acres of roof deck panels made from (iss) Galvanized Steel Sheets 
—the zinc stays on 


Acres of galvanized steel roof and floor panels are made at Fenestra’s West Elizabeth, Pennsylvania, 


plant. These panels find use in schools, office buildings, stores, plants and many other types of buildings. 
Fenestra uses USS Galvanized Steel because the continuously hot dip zinc coating remains unbroken 
through all the fabrication processes; cutting, creasing, cold forming, shearing and welding. The zinc 
stays on to provide the high degree of protection desired. 





You can get the same results using USS Galvanized Steel Sheets. Call our local sales office or write 
United States Steel, 525 William Penn Place, Pittsburgh 30, Pennsylvania. 


Unless otherwise ordered, USS Galvanized Steel Sheets are chemically treated to inhibit the formation 


of white oxide—sometimes called wet storage stain. USS is a registered trademark 


United States Steel Corporation — Pittsburgh 
Columbia-Geneva Steel —San Francisco 
Tennessee Coal & iron—Fairfield, Alabama U it d St t St | 
American Steel & Wire—Cleveland n | e a e S e e 
United States Steel Supply — Steel Service Centers 
United States Steel Export Company 
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The perception of the Industrial 
Designer and other men of ideas, 
in the selection and adaptation of 
aesthetically interesting and func- 
tionally honest mediums, is con- 
stantly proving the versatility of 
H & K Perforated Metals. 


For more than 75 years, Harrington 
& King has helped to broaden the 
horizons of industrial design 
through the creation of unlimited 
patterns in both metallic and non- 
metallic materials. If perforated 
materials can be utilized in your 
product, our sales engineers will 
be pleased to work with you. 





4 Write for catalog today! It shows 
thousands of patterns. 





*Product Development by William M. Schmidt Associates. 


}{arrington & Ming 


PERFORATING CO. INC. 


New York Office and Warehouse 
112 Liberty Street 
New York, New York 





















A few of the 
thousands of 
H & K patterns 
are illustrated 
in reduced size 





Chicago Office and Warehouse ° 
5671 Fillmore Street 
Chicago 44 Illinois 








PRODUCTION 


Regardless of the size, shape or 
quantity requirements of your prod- 
uct, we can provide pilot or test 
market runs at very economical cost. 
Experienced craftsmen and special 
facilities also available to work out 
your design and production prob- 
lems. Write us today! All inquiries 
receive our prompt and interested 
attention. 


RUNS 
OF 
PLASTIC PARTS 


AT 


custom 
molders of 
the unusual 


COST Pid 











STANDARD PLASTICS —empany 


NEW YORK OFFICE 303 FIFTH AVENUE TEL. MURRAY HILL 6-0327 











V 





INCORPORATED 











MAIN OFFICE AND FACTORY 62 WATER STREET TEL. 1-1940 
ATTLEBORO, MASS. 
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ment are: D. I. Dilworth, Jr., d 
of metallurgy; W. E. Gregg, directo, 


of technical development; and Dr. w 
L. Finlay, director of research. 


Dr. Mervin J. Kelly, Bell Telephone 
Laboratories, has received the 1959 


John Fritz Medal, sponsored jointly 
by American Society of Civil Engi- 
neers; American Institute of Min- 


ing; Metallurgical & Petroleum Fp. 
gineers; American Society of Mech. 
anical Engineers; and American Ip- 
stitute of Electrical Engineers. 


John W. Mayers has been named 
chief engineer, Pittsburgh Coke @ 
Chemical Co. 


Fred E. Hoffmanns is now director of 
engineering, J. M. Little and Assoc. 


H. I. Silversher has been named tech- 
nical director, International Coatings 
Co. 


A. W. Orlacchio has been appointed 
chief engineer, Glennite Instrumen- 
tation Div., Gulton Industries, Ine. 


Marvin F. Hall has been named con- 
sulting gas engineer, Ebasco Services 
Inc. 


James L. Wheeler has been named 
general manager, Die Div., Clearing 
Machine Corp., a division of U. §. 
Industries, Inc. 


Nicholas Chernik has been named as- 
sistant chief metallurgist, Alloy Tube 
Div., Carpenter Steel Co. 


Dr. Paul Schall, Jr., has been ap- 
pointed chief, Radioisotopes and Ra- 
diation Div., and Dr. James E. Whit- 
ney has been named chief, High- 
Level Radiation Div., Battelle Me- 
morial Institute. 


Donald Z. Erle is now chief engineer, 
fluid control devices, Hydrodyne 
Corp. 


H. D. Allick has been appointed man- 
ager of the Plastics Dept., Chemical 
Div., Goodyear Tire & Rubber Co. 


J. L. Singleton, Allis-Chalmers Mfg. 
Co., has been elected president of the 
National Electrical Mfrs. Assn. 


Clayton C. Carroll has been named 
head of the Engineering Dept., U. S. 
Radium Corp. 


John A. Grimes has been appointed 
general manager, Test Equipment 
Div., Consolidated Diesel Electric 
Corp. 


Walter E. Gregg has been named 
director—technical development, and 
Dr. Walter L. Finlay director of 
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HOW TO SOLVE 


PRODUCT DESIGN PROBLEMS 


WITH 


(6) SILICONE IDEAS 





Silicone rubber for wire insulation adds improved 
physical properties to excellent electrical properties 


\lways valued for its high performance electrical characteristics 
at high temperatures, silicone rubber insulation for wire now 
has improved physical properties. A true elastomer, GE silicone 
rubber is suitable for thin wall (.012”) wire construction, does 
not tend to cold flow under clamps, can be bent double without 
cracking, stays flexible down to —150°F. 

Even when exposed to a direct flame, G-E silicone rubber still 
insulates, won't release toxic fumes. Withstands current overloads 
of 300%-400%, provides a safety margin for intermittent high 
temperature operation in Class B equipment. Excellent dielectric 
strength stays high throughout life; service to 500°F—and to 
600°F for shorter periods. Features high ozone, moisture and 
weather resistance, long shelf life. 





1 — Tube containing 
silicone fluid projects 
into skillet 

2—Piston rod transmits 
expansion or contrac- 
tion of silicone fluid 






3—Contact makes and breaks cur- 
rent for close temperature control 














New silicone rubber cures without heat, keeps 
physical and electrical properties to 600°F 


Need to seal or caulk metal glass or plastic parts? Encapsulate 
or pot delicate assemblies? Mold silicone rubber parts in place? 
Patch or repair rubber parts? Need a flexible, heat resistant, 
accurate, self-releasing mold for low-cost plastic tooling or 
model making? 

New G-E RTV (room temperature vulcanizing) silicone 
rubber will do all this and more. Cures without voids at room 
temperature in any time you select up to 48 hours. Stable up 
to 600°F. Tough, elastic, bonds well to primed surfaces. Has 
good resistance to fluids and fuels. Viscosities from very pour- 
able to spreadable. Solvent free—shrinks less than 0.2% while 
curing. Write for technical data. Samples available for evalua- 
tion—just give us a brief description of your application. 


Write for more information 





Gemenat @ erectaic 


GENERAL ELECTRIC! 


Silicone Products Department, Waterford, New York 


cone fluids. Their unique properties 
with temperature, chemical inertness, excellent resistance to shear, 
oxidation and high-temperature breakdown—make them ideal for 
such applications as dash pots, vibration dampers, heat transfer 
fluids, fluid transmissions, etc. 





No damage occurs when you wrap silicone rubber insulated 
wire around a hot soldering iron, proof of silicone twbber's 
remarkable heat resistance. 


New appliance thermostat uses silicone fluids for 
faster, closer temperature control 


General Electric silicone fluids, because of their high coefficient of 
expansion and thermal stability, make possible the extremely 
accurate temperature control provided by the new G-E appliance 
thermostat. Reaction time is faster than with bimetallic elements; 
cost fully competitive. 


This is only one example of creative engineering with G-E sili- 
small change in viscosity 








Sample mold of complex part reproduced exactly, including 
undercuts. RTV cures without voids, without shrinkage. 








Section D1OB9, Silicone Products Dept. 
General Electric Company, Waterford, N. Y. 
Please send me further data on: 


[_] Silicone Rubber Wire Insulation 
[] Silicone RTV Rubber 


[_] Silicone Fluids 




















Name Title 
Company 

Address 

City Zone State 
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NYLON 
TEFLON 


Because of improved grinding 
and finishing methods, ITI Nylon 
and Teflon balls are FREE OF 
EMBEDDED SURFACE GRIT. Their 
clean, clear finish assures THE 
BEST in performance for your 
products. 






These balls are available in 
all sizes — standard (carried in 
stock) and special. Samples free 
on letterhead request. 


Write for prices 


and specifications. 


INDUSTRIAL TECTONICS, Inc. 


MANUFACTURERS OF PRECISION BALLS AND BEARINGS 





3695 Jackson Road, Ann Arbor, Michigan 


For more information, circle No. 380 
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research, Crucible Steel Co. of 


America. 


tay P. Dunn has been named tect - 
nical director, Lindberg Melting Fur- 
nace Div., Lindberg Engineering Co. 


John F. Murray has been appointed 
chief product engineer, Pesco Prod- 
ucts Div. and Wooster Div., Borg- 
Warner Corp. 


Walter Clark has been named man- 
ager, Air Cruisers Div., Garrett 
Corp. 


Linwood A. Walters has been ap- 
pointed director of research and de- 
velopment, National Vulcanized Fibre 
Co. 


Richard J. Radcliffe has been named 
assistant chief engineer—product de- 
velopment and test, Ebco Mfg. Co. 


Karl H. Epple has been appointed 
director of engineering, and Edward 
W. McLaren director of manufactur- 
ing, Heli-Coil Corp., Div. of Topp 
Industries. 


Dr. L. H. Sutherland has been named 
assistant director of research, Es- 
cambia Chemical Corp. 


Glenn M. Hansen has been appointed 
process development engineer, Proc- 
essing Machinery Dept., Allis-Chal- 
mers Mfg. Co. 


W. W. Henning has been named 
manager of engineering, Farm Equip- 
ment Group, International Harvester 


Co. 


Companies 





Aero-Stat Co. is the new name of 
Uniseal Co. 


CFI (Ceramics for Industry) Corp., 
Cottage Place, Mineola, N. Y. is a 
newly organized company which will 
manufacture precision ceramic parts 
and composites. 


Industrial Development Laboratories 
Inc. has moved to larger quarters at 
982 River Rd., Edgewater, N. J. 


Columbia-Southern Chemical Corp. 
has begun construction of a multi- 
million dollar cement plant at Bar- 


berton, Ohio. 


Houdaille Industries, Inc. has ac- 
quired Provincial Engineering Ltd., 
Niagara Falls, Ont. 


Pyrometer Co. of America, 600 E. 
Lincoln Hwy., Penndel, Pa., is a 
newly formed company which will 
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...a setko 


for every problem! 



















































self-locking 
set screw 


... And, every Setko Self-Locking 
set screw is an ace performer! Each 
one depends on a specific design 
principle to lock fast. 

They provide positive locking 
action...speed assembly and cut 
costs by utilizing standard driving 
techniques ... don’t require special 
tapping. All are available in regu- 
lar points, patented Nu-Cup point, 
and standard sizes and _ threads. 
With the Setko System, they can 
be hopper-fed in sizes as small as 
#2 (.086” x le”). 


ZIP-GRIP ® SET SCREWS 


Exclusive Contra-Thrust 
action locks at any 
point. Solves problems 
of loosening due to 
wear, clearance in the 
thread, or vibration. 
Can be re-used. 


OFFSET SET SCREWS 
When driven, two off- 
set edges in threaded 
portion exert powerful 
spring pressure. Not 

affected by extreme 

Variations in tapped 

holes. 


CREST-LOK SET SCREWS 
New, original design 
doesn't require precise 
tapping. Can be re-used 
repeatedly. Amount 
of lock can be altered 
by changing tap drill 
size. 


POINT-LOK SET SCREWS 
This design ends top- 
screw loosening on 
two-screw applications. 
Lower screw can be 
locked with Point-Lok 
without disturbing 
Original setting. Can 
be re-used. 


SPRED-LOK® SET SCREWS 


This design is for soft 

metal applications. Top 

is ‘‘spread”’ slightly to 
take up ‘‘flow”’ of soft 
metal. Can be re- 
used. 





FREE, New “SELECTOR CHART” 
of Self-Locking Set Screws 


Illustrates and describes complete 
range of Setko locking actions, 


points, metals, combi- — 
nations, etc. WRITE Swen 
TODAY ...Also ask “ 


for our complete 
catalog No. 23. 


crevy | 
& DAfg. Co. 


149 Main Street, Bartlett, Illinois 


_ 
‘ 
~ 








RR 





For more information, circle No. 4°? > 












HOW ROYALITE SOLVES 3 BASIC DESIGN PROBLEMS:§ 
TOUGHNESS °: BEAUTY >: ECONOMY 











i 
leading truck and trailer makers choose 
damage-free Royalite refrigeration panels 
that are easy to keep kitchen-clean... 
maintain stable temperature ... keep weight 
at a4 minimum.,.and reduce cooling costs. 


Royalite, most versatile of thermoplastic sheet 
materials, has proven itself time and again to 
scores of manufacturers...in hundreds of 
varied applications. Toughness: Tote boxes 
of Royalite have built-in resistance to hard 
knocks. Seamless, easily cleaned, no sharp 
edges to snag or splinter, quiet, impervious to 
oils, grease and most chemicals, really lasts. 
Beauty: luggage of Royalite allows modern 
concepts in molded designs .. . lightweight, 
pleasing textures, wide range of built-in colors, 
impact, scuff, and dent resistant, easily cleaned, 
lasts longer in travel. Economy: picnic cooler 
with pure white Royalite liner provides a 


United States 


2674 North Pulaski Road, Chicago 39, Illinois 


non-conductor material with built-in thermal 
breaker at no extra cost... seamless, easily 
cleaned, odorless, can’t rust, deep drawn, 
modest equipment and labor costs, fabricating 
techniques permit use on popular priced items. 
Find out how you can benefit from U.S. Royalite. 
Let one of our plastics engineers call on you. 
There is no obligation. Write for information. 

Tote boxes by United States Rubber, Luggage courtesy of 


Crown Luggage Co., Picnic Cooler courtesy of Coleman Co. Inc., 
Refrigeration Panels courtesy of Trailmobile, Inc. 


@ Royalite 


THERMOPLASTIC SHEET 


Rubber 




















THE CRAYONS 
THAT TELL 


TEMPERATURES 


IT’S THIS SIMPLE 


@e Select appropriate 


TEMPILSTIK® for the 
working temperature 
you want. 


@ Mark your workpiece 
with it. 

@ The TEMPILSTIK® mark 
melts as soon as its 
temperature rating has 
been reached. 


Accuracy 
within 1% of 
rated melting 


point. 


Also available as 
TEMPILAQ® (liq- 
vid form) and 
TEMPIL® PELLETS 


63 different tem- 
perature ratings 


available 





ee 


For information and samples, 
send coupon 


cSt inky Oo 


Tem pil corporation 


134 West 22nd St., New York 11,N.Y. 

Send information on: 

[_] TEMPILSTIK® [_] TEMPILAQ®? 

[-] TEMPIL® PELLETS 

[-] Send booklet ‘‘How Temperatures 
are Measured" 

[-] Send sample pellets for 
temperature 


oF 





Name 
Address 
City 
State 























be ae ce ae ae oe oe ow ow wee | 


VISIT US AT BOOTH 422—NAT'L. METAL 
EXPOS.—CLEVELAND, OCT. 27-31. 
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manufacture instruments, thermo- 


couples and accessories. 


Wayne Kerr Corp. is a newly or- 
ganized subsidiary of Wayne Kerr 
Co., Ltd., England, and is located at 
2920 N. Fourth St., Philadelphia. 


Pressure Blast Mfg. Co., Ine., has 
acquired all assets and manufactur- 
ing rights of Cro-Plate Co., Hartford, 
Conn. 


General Electric Co.’s Foundry Dept. 
has begun operations in its new 
$750,000 Applied Research and De- 
velopment Laboratory. 


Hofman Laboratories, Inc., has built 
a new 22,000-sq ft plant in Hillside, 
N. J. 


Sun Chemical Corp. has purchased 
Coating Materials Laboratories, Nut- 
ley, N. J., as the beginning of a long- 
range expansion and modernization 
program. 


Motorola, Inc., and Sibley Co. have 
been elected to membership in the 
Institute of Printed Circuits. 


Titeflex-Pacific Div. is the name of a 
new plant opened in Santa Monica, 
Calif., by Titeflex, Inc. 


Comptometer Corp. has acquired 
Kord-Mar Co., Wilmette, Il. 


Stanley-Humason, Inc., a subsidiary 
of the Stanley Works of New Britain, 
Conn., is the new name for Humason 
Mfg. Co. 


Societies 





American Society of Tool Engineers 
announces the following recipients 
of national honor awards for out- 
standing contributions to tool and 
manufacturing engineering: Lester 
L. Colbert, Chrysler Corp.—ASTE 
Progress Award; Jesse Daugherty, 
Giddings & Lewis Machine Tool Co. 
—ASTE Engineering Citation; J. 
Everett Hollingsworth, Long Beach 
City College — ASTE Education 
Award; Dr. Max Kronenberg, Con- 
sulting Engineer — ASTE Research 
Medal; Andrew E. Rylander, West- 
ern Machinery & Steel World— 
Joseph A. Siegel Memorial Award; 
and Dr. Milton C. Shaw, Massachu- 
setts Institute of Technology—ASTE 
Gold Medal. 


Society of Mining Engineers of the 
American Institute of Mining, Metal- 
lurgical, and Petroleum Engineers 
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ONE PIECE 
OR A MILLION 


Many customers have used the 
| term “a SIXTH SENSE”’ in 
| describing A-P-C’s unusual tal.- 
ent in stainless steel . . . And 
A-P-C has such a wide range of 
equipment — such great versa- 
tility in production that one 
piece or a million are welcomed. 


3 









Typical deep draw 
from one piece 









Complicated 
tubular fabrication 


High production 
runs for parts 





Deep, unbelievably deep and 
complex draws .. unusual, 
| A-P-C designed automatic helli- 
arc welding machines. . . exten- 
sive machining facilities . . . and 
29 years of experience in a wide 
range of products and compo- 
nents are ready to go to work 
for you. 


*“Craftication is our term 


for fabrication by 
A-P-C’s skilled craftsmen 


ALLOY PRODUCTS CORP. 


1070 Perkins Avenue 
Waukesha, Wisconsin 
LT TNT SAG CROP 








For more information, circle No. 495 
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How Kanigen’ coating helps eliminate rust 
from jet fuel systems 


Fuel systems engineers faced a 
major problem in corrosion when 
jet aircraft went to sea. Aircraft 
carrier systems for fueling planes 
are aqua-systems—which means 
that to prevent accumulation of 
explosive vapors in half-empty 
tanks, water replaces fuel as it is 
pumped out of the carrier storage 
tanks. Blackmer fueling units, 
made by Blackmer Pump Com- 
pany in Grand Rapids, Michigan, 
frequently are used. 

High test aviation gasoline does 
not absorb moisture. Jet fuel does. 


KANIGEN DIVISION 


This moisture, with high salt con- 
tent, reaching unprotected steel 
castings, created rust which con- 
taminated the fuel and caused 
malfunctioning. 

Blackmer pumping units, made 
from steel castings to meet high 
shock requirements, were pro- 
tected with KANIGEN® nickel- 
alloy coating. They were used and 
evaluated at sea for two years. 

The KANIGEN coating was 
found superior because (1) it gave 
better initial overall coverage, and 
(2) the KANIGEN coating did not 


chip or break away from machine 
surfaces as some other coatings do. 
If you have a corrosion problem, 
consult our engineers. You’ll find 
. it pays to plan with General 
American. 


KANIGEN’ 


is a trademark which identifies chemical 
nickel coating by GENERAL AMERI- 
CAN TRANSPORTATION COR: 
PORATION and its licensees, the product 
resulting therefrom and compositions 
produced by them for use in chemical 
nickel coating. 








GENERAL AMERICAN TRANSPORTATION CORPORATION 


135 South LaSalle Street * Chicago 90, Illinois 


Offices in Principal Cities 





For more information, turn to Reader Service card, circle No. 526 
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Weave ry fo SD e—— # What’s new in plastics? Visit the show 


and keep abreast of this ever-changing 
industry. See all that’s latest and best 
. new plastics you can use in your 
products. New equipment to speed pro- 
UPLASTICS FOR duction... find out how to make bigger 
profits through use of plastics. Write 


99 . 
PROFITS for free tickets now... use your com- 


pany letterhead, please—the general 
public won’t be admitted. 
| SPONSORED BY: THE SOCIETY OF THE PLASTICS INDUSTRY, INC. 
250 Park Avenue, New York 17, N.Y. 


-woae 
—_ 


ee 
—_— 


FIND OUT HOW 











«FASTEST SERVICE... 
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Corep men, Machined 


ONZE 
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tHe Amouicam Crucible propucts co. 


1325 Oberlin Avenve Lorain, Ohio, U. S. A. 
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announces the following 1958 

cers: president—Stanley D. Mi 

son, Kennecott Copper Corp.; pyesi- 
dent-elect—J. W. Woomer, J. w 
Woomer & Associates; past p . 
dent—Elmer A. Jones, St. Josep} 
Lead Co.; eastern regional vice p ei 
ident—Dr. Charles E. Lawall, Chesa- 
peake & Ohio Railway; central re- 
gional vice president—G. Donald 
Emigh, Monsanto Chemical (o,: 
western regional vice president—Dr. 
James Donald Forrester, University 
of Arizona; treasurer—Raymond B. 
Ladoo, consultant; and secretary— 
John Cameron Fox. New directors 
are: Raymond B. Ladoo, consultant: 
Brower Dellinger, National Lead 
Co.; Carl T. Hayden, Sahara Coal 
Co.; and Norman L. Weiss, Ameri- 
can Smelting and Refining Co. 








American Iron and Steel Institute 
has elected the following three new 
directors: John L. Neudoerfer, Wheel- 
ing Steel Corp.; Walter A. Sterling, 
Cleveland-Cliffs Iron Co.; and N. P. 
Veeder, Granite City Steel Co. 


American Welding Society has given 
the following awards for outstand- 
ing achievements in the field of 
welding: R. D. Thomas, Jr., Arcos 
Corp.—Samuel Wylie Miller Memor- 
ial Medal for “meritorious achieve- 
ment which has contributed con- 
spicuously to the advancement of 
the art of welding and cutting”; 
Perry C. Arnold, Chicago Bridge and 
Iron Co.—J. F. Lincoln Gold Medal 
for his paper, “Problems Associated 
with the Welding of T-1 Material”; 
Clarence E. Jackson, Linde Develop- 
ment Laboratory — National Meri- 
torious Certificate Award in recog- 
nition of his “counsel, loyalty and 
devotion to the affairs of the Society 
and his outstanding contributions of 
time and effort in behalf of the So- 
ciety”; Leon C. Bibber, U. S. Steel 
Corp.—Honorary Membership in the 
AWS in recognition of “his excep- 
tional accomplishments in the de- 
velopment of the welding art”; and 
Lynn S. Beedle and George C. Dris- 
coll, Jr., Lehigh University—A. F. 
Davis Silver Medal for their paper, 
“The Plastic Behavior of Structural 
Members and Frames.” 





American Society for Engineering 
Education announces the following 
1958 officers: president—William T. 
Alexander, Northeastern University; 
vice presidents—Clarence L. Eckel, 
University of Colorado, and Elmer 
C. Easton, Rutgers University; and 
treasurer — John Gammell, All's- 
Chalmers Mfg. Co. 

(News of Meetings on p 2--) 
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CELORON-TO-CELORON GEARS in drawing rolls made by 
Ideal Industries, Inc., Bessemer City, N.C. These are heli- 
cal-cut gears—the toughest to machine, requiring the tough- 
est material. Celoron is it. Other Celoron parts for this ap- 
plication are shown below, top right. 





LOW-COST, EASILY-ASSEMBLED CDF Celoron flexible coupling 
transmits power smoothly, silently insulates motor from 
machine . . . needs no lubrication . . . works vertically or 
horizontally. 





CELORON-TO-STEEL combination makes this long-wearing timing 
mechanism for gasoline engines. Celoron gear absorbs shock, 
culs sound to a minimum, holds timing longer. 


Put strength, long life, silence 





into gears and couplings with 
CDF Celoron’ molded plastics 


WORK MIRACLES IN MACHINERY with this amazing 
golden phenolic material! Celoron gears help eliminate 
noise and reduce wear on mating metal gears. Even the 
roughest-used helicals last. . . and last and last. 


HIGH MECHANICAL STRENGTH. Typical Celoron strengths: 
tensile, 6,500 psi; flexural, 10,000 psi; compressive, 25,000 
psi; shear, 8,500 psi. Dimensionally stable and readily ma- 
chined, Celoron fills the bill where costly metal parts fail. 


ELECTRICAL INSULATION VALUE. Celoron is a non-con- 
ductor with high electrical insulation value. It makes ideal 
mechanical-electrical parts. Celoron couplings effectively 
insulate motors from driven machinery. 


CDF FABRICATION SERVICE. Let the plastics-fabrication 
and molding experience of CDF save you time and money, 
and assure you delivery of production quantities of CDF 
plastics and molded parts—on time and as specified. The 
CDF man can help you from the very beginning. See his 
phone number in the Product Design File (Sweet’s). Or 
send us your print or your problem, and we'll return 
samples and _ technical literature for your evaluation. 


CONTINENTAL-DIAMOND FIBRE 


A SUBSIDIARY OF tHe AParehef- COMPANY e NEWARK 25, DEL. 












PRECISELY MACHINED KEYWAYS help keep these Celoron parts 
silent and strong in the Ideal drawing rolls illustrated in top 
photograph. Note wide range of sizes and shapes. 


STRONG, SILENT CELORON makes both drive and driven gears. In 
fact, many machine applications are 100% Celoron geared for 
light weight, elimination of excess play, long life. 


For more information, turn to Reader Service card, circle No. 490 
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at last... 
design aid plus 
complete 
manufacturing 
..all under one roof 


Design and production special- 
ists—working with your engineers 
—can help select the proper mate- 
PeEVicM:teleMcol-iesleret-Mm-)ebesttet- Lame) gem 
duction “bugs.” Note: Since we 
have most fabrication facilities, 
they render impartial judgment. 
They point out the best way to 
make your product - expense- 
wise and quality-wise. Some of 
the products we’ve helped design 
Pvalem@mbect-teltie:(oiatla Samm Baltiele(-lusstae| 
steering column, airforce nuclear 
bomb rack, electric fry pans, 
Imperial window assemblies, 
drive-in theater car heaters, 
Colt pistol. 


Write, phone. or wire Ainsworth- 
Precision Castings Co., 3200 
'SivE-bactt-beW =) lel-amm Dl-lene)taMAcne\) Sleek 
Plants at Detroit, Marysville, 
Kalamazoo, Mich.; Fayetteville 
and Syracuse, N. Y.; Chicago and 
| Solel -4 0) ce Mme 00 Pam ©) (-h'/-) bole Oa @) ob lok 
Springfield. Tenn 


AINSWORTH-PRECISION 
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Meetings 





GRAY IRON FOUNDERS SOCIETY, INC.. 
annual meeting. Washington, D. C. 
Oct 8-10. 


DESIGN MATERIALS SHow, Industrial 
Designers Institute. New York City. 
Oct 8-10. 


METAL POWDER INDUSTRIES F'EDERA- 
TION, fall meeting. French Lick, Ind. 
Oct 8-11. 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS AND AMERICAN SOCIETY 
OF LUBRICATION ENGINEERS, joint 
lubrication conference. Los Angeles. 
Oct 14-16. 


MAGNESIUM AsSN., fall meeting and 
exhibit. Detroit. Oct 16-17. 


FOUNDRY EQUIPMENT MFRs. ASSN., 
INC., annual meeting. White Sulphur 
Springs, W. Va. Oct 16-18. 


AMERICAN VACUUM SOCIETY INC., 5th 
national vacuum symposium. San 
Francisco. Oct 22-24. 


AMERICAN GEAR MFRs. ASSN., semi- 
annual meeting. Chicago. Oct 26-29. 


INSTITUTE OF METALS Div., American 
Institute of Mining, Metallurgical & 
Petroleum Engineers, Inc., fall meet- 
ing. Oct 27-30. 


AMERICAN INSTITUTE OF ELECTRICAL 
ENGINEERS, fall general meeting. 
Pittsburgh. Oct 27-31. 


1958 ANNUAL NATIONAL METAL EXx- 
POSITION AND CONGRESS, American 
Society for Metals. Cleveland. Oct 
27-31. 


METAL TREATING INSTITUTE, annual 
meeting. Cleveland. Oct 29-31. 


SOCIETY OF VACUUM COATERS, annual 
fall meeting. Detroit. Nov 5-6. 


NATIONAL TooL & Die Mrrs. ASSN., 


annual convention. Philadelphia. Nov 
5-9. 


STEEL FOUNDERS’ SOCIETY OF AMER- 
ICA, 13th annual technical and oper- 
ating conference. Cleveland. Nov 
10-12. 


NATIONAL ELECTRICAL MFrRs. ASSN., 
annual meeting. Atlantic City. Nov 
10-13. 


SociETY FOR EXPERIMENTAL STRESS 
ANALYsIS, annual meeting. Albany, 
N. Y. Nov 12-14. 


NATIONAL FOUNDRY ASSN., annual 
meeting. Chicago. Nov 20-21. 


AMERICAN SOCIETY OF MECHANICAL 
ENGINEERS, annual meeting. New 
York City. Nov 30-Dec 5. 
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Large parts, too, can 
be mass-produced of 
strong, lightweight © 




















No longer must you use the same 
old metals for your larger pieces. 
Now you can modernize your prod- 
ucts and spruce up designs with tough, 
economical MOLDED FIBER GLASS. 

Molded Fiber Glass Body Company 
can custom-mold your big products of 
strong, lightweight, rust-proof, impact- 
resistant MOLDED FIBER GLASS, us- 
ing matched metal dies... 

with savings of 50% in 
tooling time 
and 80% in tooling costs! 

And... MOLDED FIBER GLASS 
parts can be molded into shapes im- 
possible to make with metals... 
complex, one-piece, deep-draw parts 
. +» pigmented in any color, or painted. 

Molded Fiber Glass Body Company 
has been successfully mass-producing 
large parts for the transportation in- 
dustry for over five years ... gaining 
experience and production know-how 
unexcelled anywhere. 


What about switching to MOLDED 
FIBER GLASS for your large prod- 
ucts? Write today for free literature 
and cost estimates. 


Moided 
Fiber 
Glass 
Body Company 

4621 Benefit Avenue, Ashtabula, Ohio 








For more information, circle No. 439 

















HERE'S HOW G.E. PROTECTS MAGNETRONS 
SHIPPED TO DEW LINE 


Photos show how molded urethane package safeguards General Electric 
magnetron against shock and vibration in a simple corrugated carton— 
even at 50° below zero! Magnetron is bolted to aluminum plate bonded 
into bottom pad during molding. Projections molded at sides of pads 
provide air-space moisture barrier. 





Costly conventional packaging would be 50% bulkier, 300% heavier! 
New package was developed by Standard Plastics, Inc. of Fogelsville, Pa. 
















for heavy duty packaging... 
lightweight URETHANE FOAMS 


This very practical and economical package is 
one more example of urethane versatility. 


Urethane foams ranging from flexible to rigid 
are well worth investigation wherever impact 
absorption, vibration isolation, comfort cushion- 
ing, thermal or acoustical insulation, or added 
structural rigidity is needed. Their unusual me- 
chanical and dielectric properties are broadly 
controllable to meet your special requirements. 
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NATIONAL ANILINE DIVISION 


40 RECTOR STREET, NEW YORK 6,N. Y. 


Atlanta Boston Charlotte Chattanooga Chicago Greensboro Los Angeles 
New Orleans Philadelphia Portland, Ore. Providence San Francisco 


Being equally versatile in fabrication (molded, 
sprayed, poured to foam in place, or worked 
from slab stock) urethane foams frequently per- 
mit substantial production economies while they 
solve your difficult design problems. 


If you have a potential use for urethane, perhaps 
our application laboratory can assist in its de- 
velopment. We produce NACCONATE® Diiso- 
cyanates, essential urethane components. 


llied 


hemical 











IDEA TO 
FINISHED 
FORGING 


Porter helps you cut 
costs, improve products 


| 
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PORTER does more for you than 
just manufacture fine forgings. 
Porter provides planning and de- 
sign assistance to meet your special 
requirements. 

FOR EXAMPLE: The Pre-stressed 
Concrete Wire Anchor shown here 
was little more than an idea when 
a customer came to Porter for 
assistance. Porter engineers ana- 
lyzed the idea...redesigned the wire 
anchor...made and tested models... 
submitted blueprints for approval 
...made dies...and now is produc- 
ing thousands of wire anchors, 
carefully drop forging, machining, 
heat treating and inspecting each 
component. 


YOU ARE WELCOME to this step-by- 
step service. Whether you're plan- 
ning a new product or want 
improvements in an established 
product or production technique, 
Porter sales engineers can help 
you. Write or telephone: Cleveland 
Forge Works, Forge and Fittings 
Division, H. K. Porter Company, 
Inc., Cleveland 4, Ohio. 


H.K. PORTER COMPANY, INC. 


~ few tubing bulletin 


for designers and engineers 


may help you save up to 50% 
in steel cost by comparing the 
weight savings of hollow 
tubing versus solid stock. 


By replacing solid rod with tubing in 
shafting (214” O.D. x .134” wall) a 
large blower manufacturer effected a 
50% savings in costs. Physical per- 
formance remained unchanged. Per- 
haps you, too, can effect comparable 
or even greater savings. Write today 
for this free and important table to 
reduce steel costs! 
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Books 





Books on Plastics. Reinhold 
lishing Corp., New York. Pl 
Applications Series. Cloth, 5 by, 
in. Price $4.50 each 

Plastic Sheet Forming. Ro)).;; 
L. Butzko. 1958. 190 pp. This book 
outlines the use of plastics sheet 
forming in making many different 
products. It includes information on 
material selection, equipment, molds. 
sheet decoration and costs. 

Polyurethanes. Bernard A. Dom- 
brow. 1957. 185 pp. The 11 chapters 
in this book contain information on 
the chemistry and uses of rigid, 
semi-rigid and flexible polyurethane 
foams, and polyurethane rubbers, 
adhesives, coatings and textiles. 

Polyamide Resins. Donald E. 
Floyd. 1958. 234 pp. This book es- 
tablishes a rough relationship be- 
tween application on the one hand 
and chemical composition and struc- 
ture on the other for various types 
of polyamides. The book discusses 
polyamide coatings, films, fibers and 
adhesives, 


Effects of Radiation on Mate- 
rials. Edited by J. J. Harwood, H. 
H. Hausner, J. G. Morse and W. G. 
Rauch. Reinhold Publishing Corp., 
New York, 1958. Cloth, 6 by 9 in., 
360 pp. Price $10.50 

The changes that radiation pro- 
duces in metals, ceramics, plastics 
and other engineering materials are 
thoroughly discussed in this new 
book. The book contains the papers 
presented at a colloquium held re- 
cently at Johns Hopkins University, 

Subjects covered in the book in- 
clude: effects of radiation on the 
electronic and optical properties of 
inorganic dielectric materials; influ- 
ence of radiation on corrosion be- 
havior of metals and alloys; and 
effects of radiation on behavior and 
properties of polymers. An extensive 
bibliography brings together litera- 
ture on the subject from every part 
of the world. 


Tooling for Metal Powder Parts. 
George H. DeGroat. American So- 
ciety of Tool Engineers, Detroit, 
1958. Cloth, 253 pp. Price $7.50 
H. E. Conrad, Executive Secretary 
of ASTE, describes this book as 4 
“... volume that will prove invalu- 
able to anyone in industry who wants 








complete information on the poten- 
tials and limitations of this re'4- 


THE STANDARD TUBE COMPANY and 
MICHIGAN STEEL TUBE PRODUCTS DIVISION 
24400 Piymouth Road « Detroit 39, Michigan 
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At Roamer, 
Yoloy “‘E”’ sheets and plates 
are hand-formed (hammered) 
to shape, then welded 

to the boat’s frame. 


book 
heet 
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Youngstown Yoloy "E” high-strength steel 


/om- 








ters 
1 on 
gid, Here’s the answer to a sportsman’s prayer—this elegant as one of the world’s quality steel boat builders. Yoloy steels 
lane Roamer 42-foot Royal built by Roamer Steel Boats Division are available in sheets, plates, strip, shapes, hot rolled and 
wae of Chris-Craft Corporation, Holland, Michigan. cold finished bars—also as seamless and continuous weld 
> Keels, hulls and decks are easily fabricated from Youngs- tubular products. 5 
3 se town Yoloy “‘E”’ High-Strength, low-alloy steel to provide Wherever high-strength steel becomes a part of things you 
| on long, trouble-free service life in salt water. Roamer reports make, the high standards of Youngstown quality, the per- 
and Yoloy’s strength, flatness and excellent weldability con- sonal touch in Youngstown service will help you create 
ruc- tribute in no small measure to maintaining their reputation products with an “‘accent on excellence’’. 
ypes 
SSES Send for free 
and technical bulletin on 
Youngstown 
Yoloy ‘‘E”’ Steel. 
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‘ YOUNGSTOWN 
SHEET AND TUBE COMPANY 
517? 
Manufacturers of Carbon, Alloy and Yoloy Steel, Youngstown, Ohio 








t INTRODUCING 
THE BRAND NEW 
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SCOTT 


Constant-Rate-of- 
Extension Tensile 
Elongation Tester 





For high- and 
low-elongation 
materials 
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OPERATOR REMAINS SEATED 











Ultra-precise Electric Weighing, 
New Versatility—at amazingly 


LOW COST 


TESTS PRACTICALLY ANY MATERIAL IN | 
THE RANGE OF 0-.05 Ib. to 0-1,000 Ibs. 
or 0-25 grams to 0-500 kgs. TENSILE 











1. Permits the use of the great variety of 
Scott holding fixtures for many tests 
con many materials. 


2. Crosshead travel up to 70”, 

3. Infinite variety of specimen extension 
speeds up to 20’/min. with high-speed 
return. 


4. 5 selective capacities, variable if de- 
sired by pushbutton during test. 


5. Widely variable recorder registration 
speeds. 


6. Visual verification of ‘‘time-to-break”’. 
7. Elastomer pipping circuit. 
Here is THE instrument to put your testing 
in conformance with advanced ASTM think- 
ing . . . whether as versatile lab equipment 
. or for routine production testing com- 
bining utmost precision with amazing new 
simplicity of operation and LOW COST. 


REQUEST NEW ‘‘CRE BROCHURE"’ 


SCOTT 
TESTERS, inc. 


65 BLACKSTONE ST. 
PROVIDENCE « R. I. 
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TECHN CAL 
LITERATURE 





tively new process.” 

The book gives answers to such 
questions as: Why are ordinary 
coolants seldom used on powdered 
metal machining operations? What 
is the relative cost of different sin- 
tering atmospheres? How does the 
metal powder process compare with 
turning or stamping in regard to 
tool, equipment and materials cost? 

The book contains 10 chapters 
which discuss planning and econom- 
ics for the metal powder process, 
design of structural metal powder 
parts, production and preparation of 
powders, briquetting presses and 
tools, sintering structural parts, and 
finishing operations. 


Constitution of Binary Alloys: 
2nd Edition. Max Hansen and Kurt 
P, Anderko. McGraw-Hill Book Co., 
New York, 1958. Cloth, 6 by 9 in., 
1300 pp. Price $32.50. 

This book, a revision and transla- 
tion of an original German work 
titled Der Aufbau der Zweisloffegie- 
rungen, provides a source of reliable 
data concerning the constitution of 
binary alloy systems (phase dia- 
grams) and the crystal structure of 
metallic phases. Included are 1334 
binary alloy systems and 717 phase 
diagrams. The diagrams differ from 
those contained in the original Ger- 
man edition in that they are pre- 
sented linearly in atomic per cent 
rather than in weight per cent. The 
present volume contains 9800 ref- 
erences to the world’s metallurgical 
physical, chemical and _ crystallo- 
graphical literature on binary alloys. 


1957 Supplements to Book of 
ASTM Standards. 1957. American 
Society for Testing Materials, Phila- 
delphia. Paper, 6 by 9 in. Price $4 
per part; $28 per set. 

The 1957 Supplements, issued in 
seven parts, give 415 specifications, 
tests and definitions which either 
were issued for the first time in 1957 
or revised since their appearance in 
the 1955 Book or the 1956 Supple- 
ments. 

Part 1: 520 pp. includes 80 stand- 
ards covering steel pipe, tubes, cast- 
ings, sheet and strip; cast iron; 
spring steel, and metallic coated 
steel products. 

Part 2: 380 pp. Includes 56 stand- 
ards covering aluminum- and mag- 
nesium-base alloys, copper and cop- 
per-base alloys, and die cast metals. 

Part 3: 360 pp. Includes 60 stand- 
ards covering refractories, porcelain 
enamel, glass; thermal insulations 
and other materials. 

(continued on p 228) 
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PIPE & TUBE MILLS 
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RECOILERS — SLITTERS — UNCOILERS 


YODER 


MAKES THEM ALL 


.. Complete equipment lines 
for heavy or light production! 


Uncoilers, slitters, roll-forming 
| machines, cut-offs, pipe and tube 


| mills, special machinery for fer- 
| rous or non-ferrous metals are all 


made and engineered by Yoder to 


| fit your specific requirements. 





Special attachments and auxiliary 
units can perform additional oper- 
ations such as welding, coiling, 
punching or embossing without 
extra labor cost while increasing 
production speed. 


Let Yoder engineering and ‘“‘know- 
how” help you get the most from 
your plant... with Yoder equip- 
ment. For full details, write to: 


THE YODER COMPANY 


5546 Walworth Ave. + Cieveland 2, Ohio 


PIPE AND 


(YODER ) aa iees 


(ferrous or non-ferrous) 


CuCIMEE Rim 





Visit Booth 2770, Metal Show, October 27-3! 


For more information, circle No. 382 




















Kelvinator gets big benefits from premix moldings 


> = . ° ° ° ° 
Premix moldings are making an important contribution to 
performance of Kelvinator refrigerators. 


Strike mounting plates, tie-straps, tubing retainers and lock 
housings for the Kelvinator are all premix moldings. They've 
proved tough and resilient excellent shock absorbers. 
And their thermal insulating properties contribute to the 
economical operation of the refrigerator. 


When resins and reinforcing fibers are blended beforehand, 


moldings are stronger, wall thicknesses more uniform, weak 
spots are eliminated. Small and large, simple and complex, 
premix moldings are not only improving products but cut- 
ting costs for hundreds of manufacturers. 


If your product calls for strong, rigid, reinforced plastics, 
look into premix moldings made with Dow vinyltoluene or 
Dow styrene. Get the names of molders and suppliers from 
your nearest Dow sales office or write to THE DOW CHEMICAL 
COMPANY, Midland, Michigan, Plastics Sales Dept. 2207G-1. 


YOU CAN DEPEND ON 


For more information, turn to Reader Service card, circle No. 397 
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Just Published! 


Effects of 
RADIATION 
on Materials 


Edited by J. J. HARWOOD, U. S. Office of Naval 
Research; HENRY H. HAUSNER, Consultant to 
The Martin Co.; J. G. MORSE, Nuclear Div., The 
Martin Co.; and W. G. RAUCH, U.S. Office of 
Naval Research 


The changes that radiation produces in metals, 
ceramics, plastics and a wide variety of other mate- 
342 wee rials are thoroughly covered in this momentous new 

$10.50 book. It contains the papers delivered at the radia- 
tion effects colloquium jointly sponsored by the Office 
of Naval Research and The Martin Company at 
Johns Hopkins University in March 1957. 


Twelve leading authorities analyze the results of their own actual experi- 
ments with various materials. Solid state physicists classify fundamental and 
qualitative effects according to type. Metallurgists and chemical engineers 
make a quantitative evaluation of radiation effects on physical properties. The 
book also includes current concepts of radiation effects and discusses experi- 
mental approaches to radiation studies. 

The outstanding authorship, and the subject’s timeliness and importance 
establish this book as a milestone in technical literature. An extensive bibliog- 
raphy brings together the enormous amount of literature on the subject from 
every part of the world. 


CONTENTS AND CONTRIBUTORS: 


Defects in Solids and Current Concepts of Radiation Effects—G. J. DIENES, Brookhaven 
National Laboratory. 

Experimental Approaches to Radiation Studies—Radiation Sources and Desimetry—J. C. 
WILSON, Oak Ridge National Laboratory. 

Radiation Effects on Physical and Metallurgical Properties of Metals and Alloys—E. S. 
BILLINGTON, Oak Ridge National Laboratory. 

Influence of Radiation Upon Corrosion Behavior and Surface Properties of Metals and 
Alloys—M. SIMNAD, General Atomics. 

Effects of Radiation on Electronic and Optical Properties of Inorganic Dielectric Materials— 
R. SMOLOCHOWSKI, Carnegie Institute of Technology. 

Effects of Radiation on Semiconductors—H. Y. FAN and K, LARK-HOROVITZ, Purdue 
University. 

Cores, Liquid Coolants and Control Rods—C. E. WEBER, General Electric Co. (Knolls 
Atomic Power Laboratory). 

Moderators, Shielding and Auxiliary Equipment—G. R. HENNIG, Argonne National Lab- 
oratory. 

Experimental Techniques and Current Concepts—Organic Substance—M. BURTON, Uni- 
versity of Notre Dame. 

Effects of Radiation on Behavior and Properties of Polymers—A. CHARLESBY, Tube In- 
vestments Ltd., Cambridge, England. 

Kinetics of the Gamma-Induced Graft Copolymerization of Vinyl Acetate to Teflon—A. 
J. RESTAINO, Nuclear Div., The Martin Co. 

Bibliography—H. FRIEDEMANN. 








Examine It Free for 10 Days 
MAIL THIS COUPON TODAY! 


REINHOLD PUBLISHING CORPORATION 
Dept. M-359, 430 Park Avenue, New York 22, N. Y. 
Piease send me a copy of EFFECTS OF RADIATION ON MATERIALS for Free 


Examination. After 10 days, I will send you $10.50 plus shipping costs or I will 
return the book and owe nothing. 


CITY & ZONE 


SAVE MONEY: Enclose $10.50 with order and Reinhold pays all shipping costs. Same return privilege 
Please add 3% sales tax on N.Y.C. orders. DO NOT ENCLOSE CASH! 


For more information, turn to Reader Service card, circle No. 511 
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Part 4: 218 pp. Includes 33 
ards covering pigments, paint ers 
and thinners, shellac and varijsh. 
wood, general paint tests, and «and. 
wich constructions. 

Part 5: 340 pp. Includes 76 stand. 
ards covering fuels and solvents: 
lubricating, turbine and electric! 
insulating oils; and engine anti- 
freezes. 

Part 6: 423 pp. Includes 70 stand. 
ards covering rubber products, pack. 
ing and gasket materials, insulated 
wire, plasitcs, molds and molding 
processes, and definitions and nomen- 
clature. 

Part 7: 280 pp. Includes 40 stand- 
ards covering textile materials, pa- 
per, adhesives and atmospheric tests. 


ASME Handbook: Metals Engi- 
neering—Processes. Edited by 
Roger W. Bolz. McGraw-Hill Book 
Co., Inc., New York, 1958. Cloth, 
? by 10 in., 430 pp. Price $13.50 

Illustrated with hundreds of line 
drawings, tables, photos, charts and 
graphs, this book is a_ reference 
manual on various production meth- 
ods by which metals are converted 
into finished products. Lewis K. Sill- 
cox, chairman of the ASME Metals 
Engineering Handbook Board, says 
the book has been prepared “. . . to 
fill the urgent need for a reference 
manual related to the design engi- 
neer’s point of view.” 

Composed of 45 sections, the book 
covers such manufacturing methods 
as heat treating, casting, hot and 
cold working, powder metallurgy, 
welding, cutting, machining, electro- 
forming, die casting, hot forming, 
bending, press working and cold 
heading. 

This book is the third of four vol- 
umes on metals engineering. The 
first two volumes are concerned with 
the design and properties of metals; 
the fourth volume brings together 
many engineering tables to supple- 
ment the designer’s knowledge of 
standards on shapes and dimensions 
of materials. 


Reports 





Magnesium alloy DEVELOPMENT OF 
A CORROSION RESISTENT MAGNESIUM 
ALLoy. Available from Office of 
Technical Services, Dept. of Com- 
merce, Washington 25, D. C. 

ParRT I: DEVELOPMENT OF MAG- 
NESIUM ALLOYS FOR BETTER CORKO- 
SION RESISTANCE. M. Balicki, D. 
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Send today for this file-fitting folder and have 13 different 
actual Kem-Blo swatches at your finger tips. Kem-Blo is the 
perfect sponge rubber for your every job. Light... flexible. . 


elastic...can be made to meet 
OM 


your specifications in various 
widths, compressions, shapes, 
SPONGE 


and thicknesses. Choose from 
many colors, too! Write U. S. 
Kem-Blo Department. 


United States Rubber 


Naugatuck, Conn. 


... for the very best in perforated metals ! 


To be sure of your quality, price and 
delivery on all perforated metals, plastics 
and hardboards, specify STANDARD! 
Keep the facts at your fingertips! 
ATTACH THIS AD TO YOUR LETTERHEAD 


AND MAIL FOR OUR NEW 
FREE CATALOG! 


von perfor rating. 


3121 West 49th Place, Chicago 32, Ill. 


All perforated materials « bending © forming © welding © tooling © finishing 


For more information, turn to Reader Service card, circle No. 428 
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With The New Precision 
iii ellet-t-) a ad gelet-1-y-} 


Mines! 


mre ial-meelallelel—m ec) gelet-1-t— 
dar-) i ol-t-\i-M dal-mretel-j me) me) dal-ig 
elm —Teit-jlelamelgelellretilelamaal—idalelel-3 
mre Malem -t-leisiiler—mismeler-litay 


@ Now, the Minicast process, for the first time, 
successfully combines the basic advantages of 
the investment casting process with those of 
such other precision methods as coining, cold 
forming, screw machine production, and 
the like. 

Miniature Minicast parts can be produced 
in nearly ali castable metals and alloys, with 
dimensional tolerances as close as plus/minus 
0.001” per inch, cross-sectional thickness as 
low as 0.020, exceptional surface finish, and 
complex configurations ... at production runs 
up to 50,000 per day. 


And for the first time, with the Minicast 
process, these design features are possible at 
only pennies per part. 


Get the complete story. . 
Write for this new 
descriptive brochure... 
/t’s free of course. 


Casting Engineers, Inc. 


2323 NORTH BOSWORTH AVENUE 
CHICAGO 14, ILLINOIS 
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Details, ideas, sources 
for all fastening needs... 


FASTENERS 
im t=lalelelelre) 4 


by JULIUS F 
SOLED, P-E. 


Consulting 
Engineer 


1957 
448 pages 
$12.50 


NEW! 
OVER 900 
ILLUSTRATIONS! 


FASTENERS HANDBOOK provides ready, 
up-to-date answers to fastening prob- 
lems in all fields. Its pertinent data, 
hundreds of illustrations, and full page 
descriptions supply you with detailed 
information on currently available 
fasteners. 

Here is a handbook in every sense of 
the word. You can select the fastener 
you want because this comprehensive 
book includes standard and proprietary 
fasteners from all manufacturers. 


Abounds in Profitable Features 


FASTENERS HANDBOOK 


@ Brings to your attention the many cost-saving 
features of available, less-known fasteners. 


@ Presents complete fastener lines in particular 
fields and applications. Enables you to look 
at what's available before closing up. 


@ Makes possible the immediate location of every 
fastener described with name and address of 
supply source. 


@ Relates actual uses of fasteners in one indus- 
try to those of another, resulting in concrete 
examples of money-saving applications. 


FASTENERS HANDBOOK greatly facilitates 
the review of available information, the 
making of a valid selection, and contact- 
ing the sources of supply. It can be used 
by design engineers, patent attorneys, 
sales personnel, fastener distributors 
and jobbers—in fact, anyone who needs 
solid information on fasteners available 
for mechanical assembly. 


Everything in fasteners 


Rivets, Inserts, Screws, Bolts, Studs, Nuts, Washers, 
Retaining Rings, Pins, Nails, Metal Stitching, Quick 
Release Fasteners, Masonry Anchoring Devices, Hose 
Clamps, Manufacturers Directory. 


Send now for your ON-APPROVAL copy 


REINHOLD PUBLISHING CORPORATION 
Dept. -341 430 Park Ave., New York 22, N. 7. 


For more information, circle No. 525 
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D’Antonia and A. Kravic, Polytech- 
nic Institute of Brooklyn. Aug ’57. 
38 pp. Price $1 (PB 131443) 

Preliminary results indicate that 
magnesium alloys containing anti- 
mony, germanium, indium, tin and 
cadmium have improved corrosion 
resistance. 

PART II: SURFACE TENSION DATA 
OF ELEMENTs. V. P. Siuta and M. 
Balicki, Polytechnic Institute of 
Brooklyn. Aug ’57. 51 pp. Price 
$1.50 (PB 131444) 

Data on surface tension of ele- 
ments can be used to determine the 
effects of surface tension in such 
fields as alloying, brazing, casting, 
corrosion prevention and powder 
metallurgy. 


Strength of metals PROCEEDINGS 
OF THE 1955 SAGAMORE RESEARCH 
CONFERENCE: STRENGTH LIMITATIONS 
UF METALS, Vol. 1 and 2. Syracuse 
University Research Institute for 


"Sel-Rex Gold Plate eliminated 





galling, increased resistance 
to wear of our connectors. 


THE PROPOSITION: Research proved that some of the 


Ordnance Corps, U. S. Army. 
56. 404 pp. Available from 
of Technical Services, Dept. of 
merce, Washington 25, D. C. 
$10.50 (PB 131280 and PB 1 


































Cobalt alloys THREE ReErerency 
LISTS AND A SPECIAL REPORT on (o. 
BALT-BASE ALLOYS. 1958. Cobali J, 
formation Center, c/o Battelle Me. 
morial Institute, 505 King 
Columbus 1, Ohio 

CoBALT IN HIGH TEMPERATURE 
AutLoys. F. R. Morral. 12 pp. Dis- 
cusses cobalt production, consump- 
tion and availability. Information on 
some interesting properties of cobalt 
and cobalt alloys, and comparisons 
of the properties of various cobalt 
alloys. 

ALUMINUM-COBALT ALLOYS, 4 pp. 
Contains references to literature 
published on cobalt in aluminum 
alloys from 1908 to mid-1957. Also 
lists U. S. and foreign patents from 
1897 to the present. 


COBALT IN CAST IRON. 1 p. Con- 
tains references to literature and 
patents on cobalt in cast iron from 
1930 to 1956. 

COBALT IN STAINLESS STEEL. / p. 
Contains references to literature and 


patents on cobalt in stainless stee| 
from 1941 to 1957. 





metallurgical properties of Gold would improve per 
formance and reliability of new Cinch Connectors. 


THE PROBLEM: Ordinary Gold plate’s softness makes it 


susceptible to galling. And, because it is so soft and 
relatively porous, it wears readily exposing vital con- 
tact points to abrasive damage, corrosion — early 





failure. 


THE SOLUTION: After extensive investigation, Cinch 


installed Sel-Rex Bright Gold because this patented 
formulation produces electroplate which is: 

1)... twice as hard (115 Vickers, as compared to 65) 
and has demonstrated 40% greater resistance to wear 
and abrasion. 

2)...far more dense — accelerated corrosion tests 
prove Sel-Rex Bright Gold plate gives many times 
more protection with a fraction of the Gold. 

3) ...mirror-bright in any thickness, directly from the 
bath—no scratch brushing or burnishing. Eliminating 
such costly postplating operations makes net costs 
lower too. 


Exclusive Sel-Rex Plating Processes retain the desirable 
properties of the precious metals—eliminate the problems. 











15 contact plug 
and socket D sub- 
miniature series. 


23 contact plug 
and socket DPX 
series. 


SEL-REX CORPORATION 


NUTLEY 10, NEW JERSEY 


. Manufacturers of Exclusive Precious Metals Processes, Metallic Power Rectifiers, Airborne 
Power Equipment, Liquid Clarification Filters, Metal Finishing Equipment and Supplies 


For more information, turn to Reader Service card, circle No. 460 
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balt CHART LISTS THE 
pp. CHARACTERISTICS FOR 
ture 
en 34 STANDARD GRADES OF 
Also 
rom ee 
ce: Nickel bronze 

‘on- Ne : CraanGa ‘sceuppiaeures Gib. ook 
and : ‘ ; sures. Cast, machined and tested 

: by Frontier Bronze 
rom 
| COMPLETE 

D. / 
and -/ RESPONSIBILITY 


7 g Y/N ONE SUPPLIER 
, HIGH PRESSURE PLASTIC LAMINATES 


Here’s a handy chart listing 
the grades, mechanical proper- 
ties, and electrical properties 
Shuttles of Farlite paper and fabric 
base laminates for easy refer- 
ence plus suggestions for their 
best use. In addition, Farlite 
engineers are always available 














Castings shown are typical of FRONTIER complete 






















service to equipment builders. Certified chemical, 
physical and X-Ray tests, made in our own 


laboratory, can also be furnished if requested. 
to help you select the right 


Frontier is a complete, modern, non-ferrous stock for your requirements. 


foundry where castings often considered impos- New Farlite grades are being 
constantly researched for spe- 
cial applications. If your de- 
sign or production problems 
are in this category, ask for 
complete data sheets. 


sible become routine under the skillful direction of 


our foundrymen and metallurgists. 


Call in a Frontier Metallurgist at the design stage 
WRITE 


today for your free copy of 
this handy reference chart! 


of any new product. You will find him of invalu- 
able aid not only in selecting alloys that will 
Geors 


give the desired results, but in making design 


recommendations that will lead to better, more 










economical castings. Let us solve your non-ferrous 





; a 
casting problems. | 
Electrical ‘ j Lamnare 
ectrica o 
Cable <.. ~ mae 
Holders 


FRONTIER BRONZE CORP. | 


4874 PACKARD ROAD e@ NIAGARA FALLS, NEW YORK | 
PLASTICS DIVISION 

Exclusive Foreign Producers of 40-E FARLEY & LOETSCHER MFG. CO. 
Daralum Castings Ltd., Darlington, England DUBUQUE, IOWA 


Paul Bergsoe & Son, Glostrup, Denmark 
L’‘Aluminum Francais, Paris, France 








For more information, turn to Reader Service card, circle No. 396 For more information, turn to Reader Service card, circle No. 531 


OCTOBER, 1958 ¢ 237 















by H. R. Clauser 
Editor 


West Coast Gossip 

I just returned from an extended visit to the 
West Coast with a briefcase full of notes. Here 
are just a few excerpts: 


> Optimism is the single word that best des- 
cribes the West Coast’s predominant mood. 
“There is nowhere to go but up,” is a common 
expression in California. Many predict and many 
already assume that in ten or fifteen years the 
coast from Los Angeles to San Diego will rival 
the industrial strip from Boston to Washington. 


> I’m inclined to agree with the Californians. 
They have good reasons for their optimism. The 
F108 supersonic fighter and the B70 SAC inter- 
continental bomber will keep many plants, both 
large and small, busy for several years to come. 
Added to this is the massive job of producing 
jets to replace our obsolete prop-propelled com- 
mercial airliners—an undertaking that will 
probably require at least ten years. 


9”? 


> “Honeycomb,” the hit tune of a few months 
back, would be a good theme song these days for 
the airframe manufacturers. I was told that 
more stainless steel honeycomb construction will 
be used in the F108 and the B70 than in any 
previous plane. Consequently, there are plenty 
of projects on honeycomb, most of them aimed 
at bringing the cost down. At present stainless 
honeycomb can run as high as $100 per sq ft. 


> A promising competitor to honeycomb is the 
corrugated stainless steel foil construction that 
took first prize in our M/DE Awards Competition 
this year. The fact that designers have little ex- 
perience with it is a big drawback to its wide- 
spread adoption at this time. But according to 
Bruce Mitchell, of Ryan Aeronautical Co., cor- 
rugated foil construction is considerably less 


costly and is superior to honeycomb in its 
strength-weight ratio. 

> The search for lighter weight construction is 
not confined to the aircraft field. It also has top 
priority among Ordnance men. The aluminum 
people on the Coast tell me that the Army has 
undertaken a long range program to design 
ordnance equipment and combat vehicles using 
the lightest possible materials. The Army’s aims 
are to make ordnance equipment light enough 
to be transported by air and to have maximum 
speed and maneuverability on the ground. Ap- 
parently the day of the massive armored tank is 
past. The ancient battle between armor plate and 
the projectile has been won by the projectile. 
From now on, instead of stopping bullets, the 
tanks will have to duck them. 


Technical Meetings: Dozing on Way Out 

Having sat with glazed eyes through many 
technical meetings, we are glad to see a new 
trend shaping up. In recent years many societies 
have been preprinting papers prior to the meet- 
ing. However, it is still necessary to sit through 
the ritual of hearing the paper read in order to 
hear or participate in the discussion. With com- 
mendable solicitude for suffering meeting at- 
tendees, the Electronic Industries Association is 
going to change this. There will be no papers 
read at their conference on Reliable Electrical 
Conductors to be held this December in Dallas. 
General chairman of the meeting R. George 
Roesch explains: 

“The usual authors of papers will be there, 
but you will not have to listen to them read 
their papers. They will be published and offered 
for sale October 15. You can read the papers 
before the conference takes place. You can pre- 
pare questions which you can ask of the authors. 
You may also ask questions of other men who 
are specialists in the field in which you are 
interested. You will be able to pursue a subject 
to its bitter end in order to get the facts. You 
will not be distracted by exhibits. You will not 
be solicited by men who want to sell you some- 
thing. You will not be entertained except as you 
entertain yourself ...” 

What more could you ask of a serious technical 
meeting? 


Include the Zone Number or Else! 


In recent months the Post Office Dept. has 
been vigorously urging everyone to include zone 
numbers when addressing mail. Those who fail 
or forget to do so may be punished by having 
their letters delayed en route. If you think the 
Post Office is getting tough, listen to what would 
happen to you in Russia. Over there they have 
an obligatory “All Union Standard” for ad- 
dresses. And a decree by the Central Executive 
of USSR dated September 23, 1929, Article 128-b 
of the Criminal Code of RSFSR, states that 
“Non-compliance with obligatory standards is 
punished by imprisonment up to two years.” 


238 © MATERIALS IN DESIGN ENGINEERING 
Formerly Materials & Methods 








PS orf 





ROPER ENC £ 


i ty 


VATERIALS 
I 9 i oe eo] |. 


he 58-59 












Materials 
in Design Engineering 


MATERIALS 
SELECTOR 


This second annual issue of the Materials Selector is similar to but more 
extensive than last year’s issue. It contains 50 new pages of data, including 
an entirely new section on Joining and Fastening of Materials. The data 
published last year have been revised, in cooperation with sharp-eyed readers, 
to reduce or eliminate errors. In addition, the Directory has been expanded 
by 50%—it covers more categories and lists more suppliers—and has been 
brought up to date. 

Like last year’s issue, this Materials Selector consists of two major sections: 
a Data Section and a Directory Section. Each major section is subdivided 
to make it as useful as possible. Contents of the entire issue are listed on 
these two pages; in addition, a more detailed contents page appears at the 
beginning of most subsections. All subsections, numbered from 1 to 6, are 
described briefly below and can be readily located by means of the small 
edge index tabs at the far right. 








PAGE 


Comparisons of Materials . . . 7 


Tables comparing the important engineering materials with respect to a par- 
ticular property (e.g., tensile strength). The major part of this section is a 
series of data sheets in which materials are ranked in descending order for 
various properties. In most cases, the materials are ranked by their average 
properties, the approximate range also being given. In some cases the temper, 
heat treatment or other condition of the materia! is given, particularly where 
such conditions markedly affect the value. More details on materials and con- 
ditions can be found in Section 2, from which these data were compiled. 


PAGE 


Properties of Materials... . 29 


Typical properties and uses of the important engineering materials. Most 
of the information is given in a standard tabular form, making comparison 
easy, and test conditions are summarized where known. AA list of helpful 
bulletins available from suppliers appears at the beginning of each section, 
and advertisements of suppliers appear at the end of each section. 


2a. Irons and Steels. . . . Pace 3] 
2b. Nonferrous Metals. . . Pace 83 
2c. Plastics and Rubber . . race 141 
2d. Other Nonmetallics . . rave 227 
2e. Finishes and Coatings . rae 25/ 





DIRECTORY 
SECTION 
The Directory Section, 


consisting of two parts, 
contains the names of the 
leading suppliers of en- 
gineering materials and 
their forms and shapes. 
A full explanation of the 
Organization and use of 
the Directory is given on 
page 408. 


PAGE 


Forms & Shapes of Materials 293 


Data on the common forms (castings, moldings, etc.) of engineering materials. 
Much of the information is in tabular form. A list of helpful bulletins available 
from suppliers appears at the beginning of the section, and advertisements of 
suppliers appear at the end of the section. 


Joining & Fastening =? 
of Materials .......... 3/1 


Data on the joining and fastening methods used for engineering materials. A list 
of helpful bulletins available from suppliers appears at the beginning of the section, 
and advertisements of suppliers appear at the end of the section. 





PAGE 


Suppliers of Materials... . 407 


An alphabetical index to the important engineering materials and forms of materials, 
containing under each heading the names of the leading suppliers. 


PAGE 


a Addresses of Suppliers... . . 460 


An alphabetical list of the names and addresses of the suppliers of engineering 
materials and forms mentioned in Section 5. 


PAGE 


How to Use the Selector . . 2 Suppliers’ Literature 
matte... 3 aw om... & 


NONFERROUS METALS... 82 
PLASTICS AND RUBBER ... 140 


Sources of Data. . . . . 24 


What the Data Mean. . . 29 GTHER NONMETALLICS . . 226 
Reader Inquiry Cards 367, 405, 479 FINISHES AND COATINGS . 256 


How to Use the Directory . 40s FORMS AND SHAPES 292, 366, 369 
Index to Advertisers . . . 403 JOINING AND FASTENING . 370 
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How to Use the Selector 


Naturally, you can use this issue in many different way 
pending upon the nature of your own materials prol 
However, this issue is called the Materials Selector beca , 
iS designed to help you systematically narrow your choic; of 
materials, parts and finishes to meet a specific problem. Here 
is a logical procedure: 


ie- 


1. See Section 1 (Comparisons of Materials). 
Look up the critical properties and see which materials seem to 
warrant further investigation. 


2. See Index to Data. 
Find what pages give information on the materials selected 
for study. 


3. See Section 2 (Properties of Materials). 

Look up the pages indicated by the Index. Reduce the number 
of materials requiring further study by comparing significant 
properties, available forms and typical uses. 


4. See Section 3 (Forms and Shapes of Materials). 
Narrow the choice of materials further by comparing the 
characteristics of competitive forms and shapes. 


5. See Section 4 (Joining and Fastening of Materials). 
If assembly is required, limit the choice of materials still 
further by comparing the characteristics of competitive join- 
ing materials and processes. 


6. See Section 5 (Suppliers of Materials). 

Look up still promising materials and forms to obtain the 
names of suppliers, as well as a good indication of commercial 
availability. 


7. See Section 6 (Addresses of Suppliers). 
Look up the names of promising suppliers to obtain their ad- 
dresses. 


8. Obtain detailed information 
on properties, availability and cost of materials and fabricated 
forms by: 

a. Writing to suppliers. 

b. Consulting the Suppliers’ Literature pages in Sections 
2, 3 and 4. Note the key numbers of promising bulletins and 
circle them on the free post card (pp 367, 405 and 479). 

c. Consulting the advertisements. Names of advertisers 
are bold faced throughout the Directory, and the pages on 
which their advertisements appear are listed following their 
addresses. 


Sorry—No Extra Copies 


This issue is not sold separately and 
is available only to Materials in 
Design Engineering subscribers. No 
extra copies sold to subscribers. 
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Acetal, 166 
Acetate fibers, 238 
Acrilan fibers, 239 
Acrylics (see also Plastics Parts) 
Adhesives, 386 ff. 
Coatings, 269 
Fibers, 239 
Plastics, 142 
Rubber, 177 


Acrylonitrile rubber 
Adhesives, 386 ff. 
Properties, 176 
Acrylonitrile-butadiene-styrene 
copolymers, 162 
Adhesives, 386-388 
Joinability of materials, 374 
Admiralty metal (see also Brass), 
102 


Age-hardening stainless steels, 55 
Albumin Adhesives, 386 ff. 
Alkyds (see also Plastics Parts) 
Adhesives, 386 ff. 
Coatings, 267-269 
Plastics, 143 
Precoatings, 277 
Allyls (see also Plastics Parts), 
158 
Alumina, 231 


Aluminum and its alloys 

Adhesive bonded, 386 ff. 

As a cladding or precoating, 
272 

As a sprayed coating, 265 

Brazed, 374 ff. 

Cast, 88-91 

Castings, types of, 296 ff. 

Conversion coated, 259 

Chromium electroplated, 260 

Clad and precoated, 272 ff. 

Extruded, 300 

Finishes, mechanical, 266 

Forged, 308 ff. 

Forms, comparison of, 294 

Formability, 303 

Hard coatings and surfaces, 
comparison of, 258 

Impact extruded, 302 

Joinability, 372 

Machinability, 318 

Mechanically fastened, 389 ff. 

Nickel electroplated, 263 

Porcelain enameled, 270 

Properties, 84-91 

Soldered, 374 ff. 

Spinnability, 319 

Stamped and press formed, 
303 ff. 

Tubing, 320-323 

Welded, 378 ff. 





Aluminum (cont'd) 

Welding rods and electrodes, 
378 ff. 

Aluminum brass (see also Brass), 
102 

Aluminum bronze (see also 

Bronze), 99 

Aluminum silicate 
Fibers, 237 
Glass, 234 

Aluminum-silicon brazing alloys, 
374 ff. 

Amine coatings, 267, 268 

Anodic conversion coatings (see 
also Coatings), 259 

Anodized coatings (see also Coat- 
ings), 259 

Arc welding (see also Welding), 
378 ff. 

Asbestos fibers, 237 

Asphalt adhesives, 386 ff. 

Austenitic stainless steels, 55 
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Babbitts 
As a sprayed coating, 265 
Lead-base, 118 
Tin-base, 117 

Bast fibers, 240 

Bending (see also Press Formed 

Parts) 

Allowances, 305 
Radii, minimum, 304 

Beryllia, 231 

Beryllium carbide, 233 

Beryllium copper (see also Copper 
and Its Alloys), 94 


Bismuth solders, 374 ff. 
Blanked parts (see also Press 
Formed Parts, 303 ff. 


Bolts, 389 ff. 

Bone adhesives, 386 ff. 
Board, composition, 241 
Boron carbide, 232 
Borosilicate glass, 235 


Brass (see also Copper and Its 
Alloys) 
Adhesive bonded, 386 ff. 
Aluminum brass, 103 
As a cladding or precoating, 
272 
As a sprayed coating, 265 
Brazed, 374 ff. 
Castings, types of, 296 
Clad and precoated, 272 ff. 
Extruded, 300 
Formability, 303 ff. 
Forged, 308 ff. 


Brass (cont'd) 


Forms, comparison of, 294 
Hard coatings and surfaces, 
comparison of, 258 


Impact extruded, 302 

Joinability, 372 

Machinability, 318 

Mechanically fastened, 389 ff. 

Plain, 94 

Powder metal parts, 316 

Properties, 94 ff. 

Red, leaded, cast, 98 

Roll formed, 306 

Semi-red, leaded, cast, 98 

Soldered, 374 ff. 

Spinnability, 319 

Stamped and press formed, 
303 ff. 


Tin brass, 102 

Tubing, 320-323 

Welded, 378 ff. 

Welding rods and electrodes, 
378 ff. 


Brazed parts, compared with 


other forms, 294 


Brazing 


Alloys, 374-377 
Joinability of materials, 372 


Bronze (see also Copper and Its 


Alloys) 
Adhesive bonded, 386 ff. 
As a cladding or precoating, 
272 
As a sprayed coating, 265 
Brazed, 374 ff. 
Castings, types of, 296 ff. 
Clad and precoated, 272 ff. 
Extruded, 300 
Forged, 308 
Forms, comparison of, 294 
Hard coatings and surfaces, 
comparison of, 258 


Joinability, 372 

Mechanically fastened, 389 ff. 

Phosphor, 100 

Properties, 99 

Soldered, 374 ff. 

Stamped and press formed, 
303 ff. 

Welded, 378 ff. 

Welding rods and electrodes, 
378 ff. 


Butadiene-acrylonitrile rubber 


Adhesives, 386 ff. 
Properties, 176 


Butadiene-styrene rubber 


Adhesives, 386 ff. 
Properties, 176 


Butyl rubber, 176 
Butyrate coating, 269 


MATERIALS SELECTOR ISSUE, 1958-59 « 3 


Index 
to Data 


Cc 


Cadmium 
As an electroplate, 264 
Conversion coated, 259 
Solders, 374 ff. 


Calcia, 231 

Calendered sheet, 313 

Carbides, 232 

Carbon, 236 

Carbonitrided surfaces, 258 

Carburized surfaces, 258 e 

Cartridge brass (see also Brass), 
95 


Casein adhesives, 386 ff. 
Castings (see also specific ma- 


terial) 

Compared with other forms, 
294 

Metal, 296 ff. 


Plastics, 312 
Cellulose fibers, 238 


Cellulosics (see also Plastics 

Parts) 

Acetate, 144 

Acetate butyrate, 145 

Adhesives, 386 ff. 

Cellular, 181 

Ethyl cellulose, 146 

Fibers, 238 

Films, 168 

Lacquer precoated metal, 277 

Nitrate, 146 

Propionate, 145 

Vulcanized fibre 
Design practice, 315 
Properties, 170 ff. 


Ceramics 
Adhesive bonded, 386 ff. 
Electrical, 228 
Fibers, 237 
Joinability, 372 
Mechanical, 228 
Mechanically fastened, 389 ff. 
Refractory, 231 


Cermets, 231, 232 

Chemical conversion coatings, 259 

Chlorinated rubber coatings, 269 

Chloroprene rubber, 176 

Chromate conversion coatings, 
259 


Chromium 
As a cladding or precoating, 
272 ff. 
As an electroplate, 260 
Hard coatings and surfaces, 
comparison of, 258 
Chromized surfaces, 258 
Clad and precoated metals, 272- 
277 
























Index to Data 


Closed die forgings, 308-310 
Coatings 
Conversion, 259 
Electroplates 
Cadmium, 264 
Chromium, 260 
Nickel, 262 
Zinc, 264 
Hard, comparison of, 258 
Organic, 267 
Porcelain enamel, 270 
Precoated metals, 272-277 
Sprayed metal, 264 


Cobalt and its alloys, 92 
Coefficient of thermal expansion, 
10 


Coined parts (see also Press 
Formed Parts), 316 

Cold headed parts (see also Forg- 
ings), 308 

Cold molded plastics parts (see 
also Molded Parts), 311 

Columbium, 93 

Columbium carbide, 233 

Commercial bronze (see also 
Brass), 94 


Composition board, 241 
Compression molded plastics parts 
(see also Molded Parts, Plas- 
tics), 311 
Continuous cast parts, 294 
Conversion coatings, 259 
Copper and its alloys (see also 
particular alloy) 
Adhesive bonded, 386 ff. 
As a cladding or precoating, 


272 
Brazed, 374 ff. 
Cast, 96-99 


Castings, types of, 296 ff. 

Chromium electroplated, 260 

Clad and precoated, 272 ff. 

Conversion coated, 259 

Copper-base brazing alloys, 
374 ff. 

Extruded, 300 

Finishes, mechanical, 266 

Forged, 308 

Formability, 303 ff. 

Forms, comparison of, 294 

Hard coatings and surfaces, 
comparison of, 258 

Impact extruded, 302 

Joinability, 372 

Machinability, 318 

Mechanically fastened, 389 ff. 

Nickel electroplated, 263 

Powder metal parts, 316 

Properties, 94-102 

Roll formed, 306 

Soldered, 374 ff. 

Spinnability, 319 

Stamped and press formed, 
303 ff. 

Tubing, 320-323 

Welded, 378 ff. 

Welding rods and electrodes, 
378 ff. 


Cordierite, 228 

Cotton fibers, 240 

Creep strength, 20 
Cuprammonium fibers, 238 
Cyanided surfaces, 258 


d 


Dacron fibers, 238 

Density (see Specific Gravity) 

Diallyl phthalate (see also Plas- 
tics Parts), 147 

Die castings (see also Castings), 
296 ff. 


4 ¢ MATERIALS IN DESIGN ENGINEERING 


Formerly Mate 


Die formed parts (see also Press 
Formed Parts), 303 ff. 

Dihydroperfluorobuty! acrylate 
rubber, 143 

Diisocyanate-polyester rubber, 177 
Flexible foam, 179 
Foamed-in-place, 180 

Drawn shapes (see also Press 

Formed Parts), 303 ff. 
Hold-down pressures, minimum, 
306 

Reductions, maximum, 306 
Single draw limitations, 307 
Tolerances, 306 

Drop forgings (see also Forgings), 
308-310 

Drop hammer formed parts (see 
also Press Formed Parts), 307 

Duranickel (see also Nickel and 
Its Alloys), 110 

Dynel fibers, 239 


e 


Elastomers (see also particular 
elastomer) 
Adhesives, 386 ff. 
Adhesive bonded, 386 ff. 
Joinability, 372 
Mechanically fastened, 389 ff. 
Electrical resistivity, 12 
Electrical ceramics, 229 
Electrochemical conversion coat- 
ings, 258 
Electrodes, welding, 378 ff. 
Electroformed parts, 294 
Electroplates 
As a precoating, 272 ff. 
Cadmium, 264 
Chromium 260 
Compared with other hard 
coatings, 258 
Nickel, 262 
Zinc, 264 
Elongation, 16 
Epoxies (see also Plastics Parts) 
Adhesives, 386 ff. 
Coatings, 268 
Foamed-in-place, 580 
Plastics, 148 
Prefoamed, 581 
Ethyl cellulose (see also Plastics 
Parts) 
Films, 168 
Plastics, 146 
Extrusions 
Compared with other forms, 294 
Impact, 302 
Metal, 300 
Plastics, 312 
Stepped, 301 


f 


Fabrics, joinability of, 372 
Fabricated sheet metal parts, 
303-307 
Fasteners, mechanical, 389-393 
Joinability of materials, 374 
Felts, mechanical, 242-243 
Adhesive bonded, 386 ff. 
Mechanically fastened, 389 ff. 
Ferritic stainless steels, 54 
Fibers 
Mineral, 237 
Natural, 240 
Synthetic, 238 
Fibre, vulcanized (see Vulcanized 
Fibre) 
Films, plastics, 167-169 
Filter Felts, 242 
Fish adhesives, 386 ff. 


ane 


Flame hardened surfaces, 258 
Flax fibers, 240 
Flexible die-formed parts (see also 
Press Formed Parts), 307 
Flexible foams, 179 
Flexible punch-formed parts (see 
also Press Formed Parts), 307 
Fluorinated acrylic rubber, 177 
Fluorocarbons (see also Plastics 
Parts) 
Coatings, 269 
Fibers, 238 
Plastics, 149 
Fluxes 
Brazing, 374 ff. 
Soldering, 374 
Welding, 378 ff. 
Foams 
Adhesive bonded, 386 ff. 
Flexible, 179 
Foamed-in-place, 180 
Mechanically fastened, 389 ff. 
Prefoamed, 181 
Forgings, 308-310 
Compared with other forms, 
294 
Formability of metals, 303 ff. 
Forsterite, 228 
Fortisan 36 fibers, 238 


a 


Gas welding (see also Welding), 
378 ff. 
Gilding (see also Brass), 34 
Glass 
Adhesive bonded, 386 ff. 
Fibers, 237 
Industrial, 234 
Joinability, 372 
Mechanically fastened, 389 ff. 
Glycerin adhesives, 386 ff. 
Gold 
As a cladding or precoating, 
272 ff. 
Hard coatings and surfaces, 
comparison of, 258 
Properties, 114 
Graphite, 236 
Grid metal (see also Lead and 
Its Alloys), 105 
GR-S_ rubber 
Adhesives, 386 ff. 
Properties, 176 


Hafnium, 103 

Hard coatings and surfaces (see 
also type or material), 258 

Hardboard, 241 

Hardness, 18 

Haynes Alloy, 92 

Haynes Stellite, 92 

Heat resistant alloys, 62-64 

Hemp fibers, 240 

Hennequin fibers, 240 

Hide adhesives, 386 ff. 

High temperature strength 
Creep, 20 
Stress-rupture, 21 

High-leaded tin bronze, cast, 97 

Horsehair fibers, 240 

Hot dipped precoated metals, 272 
ff 


Hydopress formed parts, 307 


Impact extrusions, 302 
Compared with other forms, 294 


Inconel (see also Nickel lhc 
Alloys), 111 sis 
Induction hardened surfac: 
Injection molded plastics 
(see also Molded Parts 
tics), 311 
[Inorganic adhesives, 386 
Inserts, 389 ff. 
Investment castings (see 
Castings), 296 ff. 
Iridium, 115 
[ron 
Adhesive bonded, 386 ff 
Brazed, 374 ff. 
Cadmium electroplated, 264 
Castings, types of, 296 ff 
Chromium electroplated, 260 
Clad and precoated, 272 f 
Conversion coated, 259 
Ductile, 34 
Forged, 308 
Forms, comparison of, 294 
Gray 
Castings, types of, 296 f 
Properties, 32 
Hard coatings and surfaces, 
comparison of, 258 
Ingot, 37 
Joinability, 372 
Machinability, 318 
Malleable 
Properties, 36 
Sand cast, 296 ff. 
Mechanically fastened, 389 ff 
Nickel electroplated, 263 
Nodular, 34 
Porcelain enameled, 270 
Powder metal parts, 316 
Soldered, 374 ff. 


Welded, 378 ff. 

Welding rods and electrodes, 
378 ff. 

White, sand cast, 296 ff. 

Wrought, 37 


Zinc electroplated, 264 
Isobutylene isoprene rubber, 176 


Joining 
Adhesives, 386-388 
Brazing and soldering alloys, 
374-377 
Joinability of materials, 372 
Mechanical fasteners, 389-393 
Welding rods and electrodes, 
378-385 
Jute fibers, 240 


Laminates 
High pressure (see also Vul- 
canized Fibre) 
Design practice, 314 ff. 
Properties, 170-175 
Low pressure, 315 
Reinforced, 314 
Latex foam (see also Foams), 179 
Lead and its alloys (see also 
Particular Alloy) 
Adhesive bonded, 386 ff. 
As a cladding or precoating, 
272 ff. 
As a sprayed coating, 265 
Castings, types of, 296 ff. 
Extruded, 300 
Impact extruded, 302 
Joinability, 372 
Mechanically fastened, 389 * 
Properties, 105 
Punch penetration, 303 
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ead (cont'd) 

: Sold ed, 374 ff. 
Spinnability, 319 
Welded, 378 ff. 

Welding rods and electrodes, 
378 ff. 

‘ead silicate glass, 234 

Lead-base materials 
Babbitts, 117 
Solders, 374 ff. 

Leaded tin bronze, cast, 96 

Leathe 


Adhesive bonded, 386 ff. 
Joinability, 372 
Mechanically fastened, 389 ff. 
Locking fasteners, 389 ff. 
Low brass (see also Brass), 95 


m 


Machinability, 318 
Magnesia, 231 
Magnesium alloys 
Adhesive bonded, 386 ff. 
Brazed, 374 ff. 
Brazing alloys, 374 ff. 
Cast, 107, 109 
Castings, types of, 296 ff. 
Chromium electroplated, 260 
Conversion coated, 259 
Extruded, 300 
Forged, 308 
Formability, 303 ff. 
Forms, comparison of, 294 
Hard coatings and surfaces, 
comparison of, 258 
Impact extruded, 302 
Joinability, 372 
Machinability, 318 
Mechanically fastened, 389 ff. 
Properties, 106-109 
Soldered, 374 ff. 
Spinnability, 319 
Stamped and press formed, 
303 ff. 
Tubing, 320-323 
Welded, 378 ff. 
Welding rods and electrodes, 
378 ff. 
Manganese bronze (see also 
Brass), 102 
Manila fibers, 240 
Marform process, 307 
Martensitic stainless steels, 52 
Maximum service temperatures of 
plastics and rubber, 11 
Mechanical fasteners, 389-393 
Joinability of materials, 374 
Mechanical felts, 242-243 
Mechanical tubing (see Tubing, 
Mechanical) 
Melamines (see also Plastics 


Parts) 
Adhesives, 386 ff. 
Coatings, 268 


Plastics, 150 
Melting points of metals and 
ceramics, 11 
Metal coatings, sprayed 
Compared with other hard coat- 
ings, 258 
Properties, 265 
Metal powder parts, 316 
Compared with other forms, 
294 
Metals (see also particular metal) 
Adhesive bonded, 386 ff. 
Brazed, 374 ff. 
Formability, 303 ff. 
Forms, comparison of, 294 
Joinability, 372 
Mechanically fastened, 389 ff. 
Soldered, 374 ff. 


Metals (cont'd) 
Welded, 378 ff. 

Mineral fibers, 237 

Modified polystyrenes (see also 
Plastics Parts), 162, 181 

Modulus of elasticity in tension, 
13 

Molded parts, plastics (see also 

particular material) 

Cold, 311 
Compression, 311 
Injection, 311 
Reinforced laminates, 313 ff. 
Thermoplastic sheet, 313 ff. 
Transfer, 311 

Molybdenum 
As a sprayed coating, 265 
Brazed, 374 ff. 
Clad and precoated, 272 ff. 
Properties, 93 
Spinnability, 319 

Monel (see also Nickel and Its 
Alloys), 111 

Muntz metal (see also Brass), 95 


Natural adhesives, 386 ff 
Natural fibers, 240 
Natural rubber, 176 
Naval brass (see also Brass), 102 
Neoprene rubber 
Adhesives, 386 ff. 
Properties, 176 
Nickel and its alloys (see also 
particular alloy) 
Adhesive bonded, 386 ff. 
As a cadding or precoating, 
272 ff. 
As an electroplate, 262 
As a Sprayed coating, 265 
Brazed, 374 ff. 
Brazing alloys, 374 ff. 
Cast, 112 
Chromium electroplated, 260 
Clad and precoated, 272 ff. 
Extruded, 300 
Forged, 308 
Forms, comparison of, 294 
Hard coatings and surfaces, 
comparison of, 258 
Joinability, 372 
Low expansion alloys, 113 
Machinability, 318 


Mechanically fastened, 389 ff. 


Powder metal parts, 316 
Properties, 110-113 
Soldered, 374 ff. 
Spinnability, 319 
Stamped and press formed, 
303 ff. 
Tubing, 320-323 
Welded, 378 ff. 
Welding rods and electrodes, 
378 ff. 
Nickel silver (see also Copper 
and Its Alloys), 101 
Nitrided surfaces, 258 
Nitrile rubber, 176 
Nitrocellulose coating, 269 
Nuts, 389 ff. 
Nylons (see polyamides) 


oO 


Oleoresin adhesives, 386 ff. 
Open die forgings, 308 
Organic coatings 
Precoated metals, 272 ff. 
Properties, 267 
Orlon fibers, 239 
Osmium, 115 





Oxide conversion coatings, 259 
Oxyacetylene welding (see also 
welding), 378 ff. 


v 


Painted coatings (see Organic 
Coatings) 
Palladium 
As a cladding or precoating, 
272 ff. 


Particle board, 241 
Properties, 114 
Permanent mold castings (see also 
Castings), 296 ff. 
Pewter (see also Tin and Its 
Alloys) 
Nickel electroplated, 263 
Properties, 116 
Spinnability, 319 
Phenolics (see also Plastics Parts) 
Adhesives, 386 ff. 
Cast, 157 
Coatings, 267, 268 
Foam, 180 
Plastics, 154-157 
Phosphate conversion 
259 
Phosphor bronze (see also Bronze), 
100 
Pierced parts (see also Press 
Formed Parts), 303 ff. 
Plaster mold castings (see also 
Castings), 296 
Plastics parts 
Adhesive bonded, 386 ff. 
Castings, 312 
Extrusions, 312 
Films, 167-169 
Foams, 179-181 
High pressure laminates 
Design practice, 314 ff. 
Properties, 170-175 
Joinability, 372 
Mechanically fastened, 389 ff. 
Molded, 311 
Reinforced laminates, 313 ff. 
Thermoplastic sheet molded, 
313 ff. 
Welded, 372 
Plate glass, 234 
Platinum 
As a cladding or precoating, 
272 ff. 
Properties, 114 
Polyamides (see 
Parts) 

Fibers, 238 
Plastics, 152 
Polycarbonate, 166 
Polyesters (see also 

Parts) 
Fibers, 238 
Films, 168 
Plastics, 158 
Polyethylene (see also Plastics 
Parts) 
Cellular, 179 
Fibers, 239 
Films, 167 
Plastics, 159 
Polymethylstyrene (see also Plas- 
tics Parts), 161 
Polypropylene, 166 
Polysiloxanes (see Silicone) 
Polystyrenes (see also Plastics 
Parts) 
Films, 168 
Foamed-in-place, 180 
Modified, 162, 181 
Prefoamed, 181 
Properties, 161-162 
Polysulfide rubber, 177 


coatings, 


also Plastics 


Plastics 


Polysulfide-epoxy (see also Plas- 


Polytetrafluoroethylene 
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tics Parts), 148 

(see also 
Plastics Parts) 

Coatings, 269 

Fibers, 238 

Films, 168 

Plastics, 149 


Polytrifiuorochloroethylene (see 


also Plastics Parts) 
Coatings, 269 
Films, 168 
Plastics, 149 


Polyvinylidene chloride (see Poly- 


vinyls) 


Polyvinyls 


Adhesives, 386 ff 
Alcohols 
Films, 167 
Plastics, 165 
Butyral, 165 
Chloride 
Films, 167 
Plastics, 164 
Chloride, acetate, 164 
Coatings, 269 
Copolymers, 164 
Formal, 165 
Open-cell foam, 179 
Precoatings, 272 ff. 
Vinylidene chloride 
Fibers, 239 
Films, 167 
Plastics, 164 


Porcelain enamels, 270 
Powder metallurgy parts (see 
Metal Powder Parts) 
Precipitation-hardening 
steels, 55 
Precision sand castings (see also 
Castings), 296 ff. 
Press forgings (see also Forgings), 
308-310 
Press formed parts, 303 ff. 
Compared with other forms, 
294 ff. 
Pressed die-formed parts (see also 
Press Formed Parts), 306 
Protein fibers, 239 
Punched parts (see also Press 
Formed Parts), 307 
Penetration through metal, 303 
Radii, minimum, 306 


s 


stainless 


r 


Radiation effects, 22 
Ramie fibers, 240 
Rayon fibers, 238 
Red brass (see also Brass), 95, 98 
Refractories, 231 
Resistance welding (see also Weld- 
ing), 378 ff. 
Resistivity, electrical, 12 
Resorcinal adhesives, 386 ff. 
Rhodium 
As an electroplate, 258 
Properties, 115 
Rivets, 389 ff. 
Rods, welding, 378 ff. 
Roll felts, 242 
Roll formed shapes, 306 
Compared with other forms, 
294 
Rosin adhesives, 386 ff. 
Rubber 
Adhesive-bonded, 386 ff. 
Adhesives, 386 ff. 
Brazed, 374 ff. 
Chlorinated coating, 269 
Compounds, 176 
Films, 168 
Foam, 179 
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Rubber (cont'd) 

Hard, 178 

Joinability, 372 

Mechanically fastened, 389 ff. 
Rubber pad-formed parts (see 

also Press Formed Parts), 307 
Ruthenium, 115 


Ss 


Sand castings (see also Castings), 
296 
Saran fibers, 239 
Screw machine parts, 318 
Compared with other 
294 
Screws, 389 ff. 
Seamless tubing (see also Tub- 
ing), 320-323 
Semi-red brass, leaded, cast, 98 
Sheet felts, 242 
Sheet metal parts, 303-307 
Sheet molded parts, thermoplas- 
tic, 313 ff. 
Shell mold castings 
Castings), 296 ff. 
Shellac adhesives, 386 ff. 
Silica 
Glass, 234 
Refractory, 231 
Silicate adhesives, 386 ft. 
Silicon carbide, 232 
Silicone 
Adhesives, 386 ff. 
Coatings, 267, 268 


forms, 


(see also 


Foams, 180 
Plastics (see also Plastics 
Parts), 160 


Rubber, 177 
Siliconized surfaces, 258 
Silk fiber, 240 
Silver 
Adhesive-bonded, 386 ff. 
As a cladding or precoating, 
272 ff. 
Brazed, 374 ff. 
Brazing alloys, 374 ff. 
Clad and precoated, 272 ff. 
Hard coatings and surfaces, 
comparison of, 258 
Joinability, 372 
Mechanically fastened, 389 ff. 
Properties, 114 
Solders, 374 ff. 


Sintered parts (see Metal Powder 
Parts) 
Sisal fibers, 240 
Soda-lime glass, 234 
Softboard, 241 
Soldering 
Alloys, 374-377 
Joinability of materials, 372 
Specific gravity, 8 
Spinnings, 319 
Compared with other forms, 
294 
Sprayed metal coatings 
Compared with other 
coatings, 258 
Properties, 265 
Stamped parts (see also Press 
Formed Parts), 303 ff. 
Compared with other forms, 
294 
Stapling, 389 ff. 
Starch adhesives, 386 ff. 
Steatite, 229 
Steel 
Adhesive bonded, 386 ff. 
As a sprayed coating, 265 
Bending allowances, 305 
Brazed, 374 
Cadmium electroplated, 264 


hard 





Steel (cont'd) 

Carbon, 38-40 

Cast carbon, 56 

Cast heat resistant alloy, 62-64 

Cast low alloy, 57-58 

Cast Stainless 
Investment cast, 296 ff 
Properties, 59-61 


Castings, types of, 296 ff. 
Chromium electroplated, 260 
Chromium-vanadium, 46 
Clad and precoated, 272 ff. 
Conversion coated, 259 
Forged, 308 
Formability, 303 ff. 
Forms, comparison of, 294 
Free-cutting, 41 
High carbon, 40 
Hard coatings and 
comparison of, 258 
Joinability, 372 
Low carbon 
Extruded, 300 
Impact extruded, 302 
Powder metal parts, 316 
Properties, 38 


Machinability, 318 
Manganese, 42 
Manganese-nickel-chromium- 
molybdenum, 48 
Manganese-silicon, 48 
Mechanically fastened, 389 ff. 
Medium carbon, 39 
Molybdenum, 44 
Nickel, 43 
Nickel-chromium-molybdenum, 
45, 47 
Nickel electroplated, 263 
Nitriding grades, 55 
Porcelain enameled, 270 
Punch penetration, 303 
Roll formed, 306 
Sheet bend allowances, 305 
Soldered, 374 ff. 
Spinnability, 319 
Stainless 
Age-hardening, 55 
As a cladding or precoating, 
272 ff. 
As a Sprayed coating, 265 
Austenitic, 50 
Chromium-manganese, 49 
Ferritic, 54 
Finishes, mechanical, 266 
Formability, 303 ff. 
Martensitic, 52 
Porcelain enameled, 270 
Powder metal parts, 316 
Precipitation-hardening, 55 
Properties, 50-51 
Rubber pad formed, 307 
Stamped and press formed, 
303 ff. 
Tubing, 320-323 
Welded, 378 ff. 
Welding rods and electrodes, 
378 ff. 
Zinc electroplated, 264 
Stitching, 389 ff. 
Strength 
Creep, 20 
Stress-rupture, 21 
Tensile, 14 


Stretch formed parts (see also 
Press Formed Parts), 306 

Stud bolts, 389 ff. 

Styrenated alkyd coating, 267 

Styrene (see also Polystyrene) 
Adhesives, 386 ff. 
Butadiene-styrene rubber, 176 

Surfaces, hard, comparison of, 
258 

Synthetic fibers, 238 


surfaces, 


t 


Tantalum 
Properties, 93 
Spinnability, 319 

Tantalum carbide, 233 

Teflon (see Polytetrafluoroethy- 
lene) 

Tellurium lead (see also Lead and 
Its Alloys), 104 

Temperature, maximum service, 
1l 

Tensile modulus, 13 

Tensile strength, 14 

Thermal conductivity, 9 

Thermal expansion, coefficient of, 
10 

Thermoplastics (see also particu- 

lar plastics) 
Adhesive bonded, 386 ff. 
Adhesives, 386 ff. 
Joinability, 372 
Mechanically fastened, 389 ff. 
Welded, 372 
Thermosets (see also particular 
plastics) 
Adhesive bonded, 386 ff. 
Adhesives, 386 ff. 
Joinability, 372 
Mechanically fastened, 389 ff. 

Thiokol (see Polysulfide) 

Thoria, 231 

Thorium, 103 

Threads, 389 

Tin and its alloys 
Adhesive bonded, 386 ff 
As a cladding or precoating, 

272 ff. 
As a sprayed coating, 265 
Castings, types of, 296 ff. 
Extruded, 300 
Forms, comparison of, 294 
Impact extruded, 302 
Mechanically fastened, 389 ff. 
Powder metal parts, 316 
Properties, 116 

Tin-base materials 
Babbitts, 117 ff 
Solders, 374 ff. 

Titanium and its alloys 
Adhesive-bonded, 386 ff. 
Brazed, 374 ff. 

Chromium electroplated, 260 

Conversion coated, 306 

Extruded, 300 

Forms, comparison of, 294 

Hard coatings and surfaces, 
comparison of, 258 

Joinability, 372 

Mechanically fastened, 389 ff 

Properties, 120 

Roll formed, 306 

Soldered, 374 ff. 

Tubing, 320-323 

Welded, 378 ff. 

Titanium carbide, 232 

Tobin bronze sprayed coating, 
265 

Transfer mo'ded plastics parts 
(see also Molded Parts), 311 

Tubing, mechanical, 320-323 
Compared with other forms, 

294 

Tungsten 
Brazed, 374 ff. 

Properties, 93 

Tungsten carbide, 232 


Upset forgings (see also Forg- 
ings), 308-310 
Uranium, 103 
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Urea (see also Plastics Part 
Adhesives, 386 ff. 
Coatings, 267, 268 
Foam, 181 
Plastics, 163 

Urethane rubber, 177 
Flexible foam, 179 
Foamed-in-place, 180 


Vv 


Vanadium, 103 
Vicara fibers, 239 
Vinyl derivative fibers, 239 
Vinylidene chloride (see Polyvinyis) 
Vinyls (see Polyvinyls) 
Vinyon fibers, 239 
Viscose fibers, 238 
Vulcanized fibre 
Bone, 173 
Commercial, 171 
Design practice, 315 
Electrical insulation, 175 
Trunk, 171 


Ww 


Washers, 389 ff. 

Welded parts, compared with 
other forms, 294 

Welded tubing (see also Tubing, 
Mechanical), 320-323 

Welding 
Joinability of materials, 372 
Rods and electrodes, 378 ff. 

White metal (see also Tin and Its 


Alloys), 116 
Whitewares, 228 
Woods 


Adhesive bonded, 386 ff. 
Composition board, 241 
Joinability, 372 
Mechanically fastened, 389 ff. 
Properties, 241 

Wool fibers, 240 


y 


Yellow brass (see also Brass), 95 


Zz 


Zinc alloys 
Adhesive-bonded, 386 ff. 
As a cladding or precoating, 
272 ff. 
As an electroplate, 264 
As a sprayed coating, 265 
Brazed, 374 ff. 
Cast, 123 
Castings, types of, 296 ff. 
Chromium electroplated, 260 
Clad and precoated, 272 ff. 
Extruded, 300 
Forms, comparison of, 294 
Hard coatings and surfaces, 
comparison of, 258 
Impact extruded, 302 
Joinability, 372 
Machinability, 318 
Mechanically fastened, 389 ff. 
Properties, 122-123 
Soldered, 374 ff. 
Spinnability, 319 
Stamped and press formed, 
303 ff. 
Zircon ceramics, 228 
Zirconia, 231 
Zirconium, 103 
Zirconium carbide, 233 










Comparisons 


of Materials 





PAGE 
Specific Gravity 8 

Thermal Conductivity 9 

Coefficient of Thermal Expansion 10 

Melting Points of Metals and Ceramics 11 

Maximum Service Temperatures of Plastics and Rubber 12 
Electrical Resistivity 13 

Modulus of Elasticity in Tension 14 

Elongation 17 

Hardness 19 

Creep Strength of Metals 21 

Stress-Rupture Strength of Metals 22 

Effect of Radiation on Metals 


Specific Gravity 


Comparisons of Materials 
































Formerly Materials & Methods 


Material & Average Range, + Material & Average Range, + 
Osmium... 22.7 Melamines........ 1.74 0.26 
Iridium. .... 22.5 Vinylidene Chloride. 1.71 0.04 
Platinum...... , 21.5 Vinylidene Chloride Film 1.68 - 
Tungsten & Gold. .... 19.4 Carbon & Graphite. . 1.57 0.07 
Uranium......... 19.1 Plastics Laminates 1.52 0.38 
Tantalum. . ; 16.6 — Bast Fiber........ 1.51 0.04 
Tungsten Carbide Cermet... 14.1 1.1 Dially! Phthalate 1.5 0.2 
EE ee 13 — ee 1.49 0.03 
RO UT 12.4 eg oe oa tak y wy Kw Kai 1.48 0.07 
Palladium & Ruthenium la chutes 12 Hard Rubber................ 1.46 0.26 
Tungsten-Titanium Carbide Animal Fiber... ... eens 1.45 0.15 
Cermet.. 11.8 1.2 deeds 1s 1.43 — 
Thorium. . ; 11.6 -— Polyester Film........ 1.39 - 
Lead & Its Alloys... OO 11.0 0.3 a 1.38 0.08 
ia i nin din nea ¥ tes 10.5 | -- Polyvinyl Chioride........... i. 1.35 0.20 
as ons sos cnenes 10.2 — Polysulfide Rubber.............. 1.35 — 
Lead-Base Babbitts............... 996 | 0.66 Polyvinyl Chloride Films ; 1.33 0.17 
Tin Bronzes (cast), High Leaded 9.18 | 0.32 Polystyrenes & Nylons, Glass 
rr 8.92 | 0.03 Ds 5 ood ies «pbk nos oe 1.33 0.02 
ss 892 | — . | Cellulosic Films....... a 1.30 0.16 
Phosphor Bronzes............... 8.85 0.07 PVC-Nitrile Rubber Blend Film. ine 1.27 0.08 
Wickel Siivers................. 8.77 | 0.10 Polyvinyl Alcohol...... 1.26 0.05 
Red & Semi-Red Brasses & Tin | Polyvinyl Alcohol Film 1.26 0.05 
Bronzes (all cast), Leaded...... 873 | 0.17 Pomeenere (0080). ............... 1.25 0.20 
BS ee 8.66 | 0.18 Neoprene, Silicone & Urethane 
Plain Brasses & Nickel......... 8.62 | 0.23 Rubbers. . 1.25 - 
Ee 8.60 | 0.24 Polycarbonate... Bata 1.20 _ 
NS a i oi ds caves 8.6 Polysulfide-Epoxy (cast) 119 | 0.04 
Tin & Aluminum Brasses.......... 8.43 0.09 Acrylics.............. aes 118 | 0.01 
Duranickel & Inconel............. 8.26 0.18 Wood Comp Board, Hard. Sicte a's wy hl] COU 
Beryllium Coppers................ 8.22 0.03 Epoxies (cast)... 117) =| ~—s(0.02 
Low Expansion Nickel Alloys....... 8.14 0.06 Cellulosics. . ; 1.15 | 0.15 
Carbon & Low Alloy Steels........ 7.84 Rubber Hydrochloride Film. 114 =| ~ 0.01 
SOMMOOS SIOGIS 55. ecu cee. 7.78 0.25 Nylons 6 & 66. . 113 | = 0.05 
Gn 4 00a G0 94 6000s caus 7.76 — Polystyrenes.......... 1.06 0.06 
Tin-Base Babbitts............... 7.55 0.21 Polystyrene Film 1.06 0.01 
Aluminum Bronzes (cast)......... 7.48 0.08 Nitrile Rubber. ] 
Chromium Carbide Cermet 744 | 0.46 Polyethylenes....... 0.94 0.03 
Austenitic Nodular lrons....... 7.43 | Styrene-Butadiene Rubber. 0.94 
io) 7.29 | 0.03 Natural Rubber. . acces 0.93 - 
Malleable Ilrons................. 7.21 | 0.08 Polyethylene Film... CECE Tae? 0.92 
I :: a — Polypropylene. . 0.91 
Wrought & Nodular Irons... ; itl} ea Buty! Rubber. . beads 0.9 
Zinc & its Alloys. ............... 7.17 0.01 Wood Comp Board, Particle 0.73 | 0.32 
Zinc Alloys (cast)................ 6.65 — American Woods. . ARP OREY: 0.53 | 0.16 
ong s sb enicgae nna onde 6.65 — Epoxy Foamed-in-Place. . Sa eie dicate 0.51 | Ol 
RRP en aeaeanaaaise 6.38 = “eine Ate 0.473 | 0.217 
Titanium Carbide Cermet......... 6.37 0.83 Cellular Polyethylene............. 0.47 — 
Molybdenum Disilicide............ 6.08 0.12 Wood Comp Board, rs Sed 0.41 | — 
Alumina Cermets................. 5.96 0.14 Prefoamed Epoxy................. 0.328 0.280 
Titanium & Its Alloys............. 4.60 0.17 Neoprene Flexible Foam.......... 0.321 0.160 
Alumina Ceramics................ 3.67 0.19 ES ee 0.313 0.169 
I ss ccaysatedeaded 3.43 Flexible Nitrile Foam............. 0.281 0.120 
NS G68 s 6 ccnkoncuseseaian 3.22 1.06 Prefoamed Silicone Rubber........ 0.256 — 
| SESE ek reee 3.2 0.6 TE: SS 0.245 0.092 
Rs sa ievekisibassabaa dad 3.08 0.78 Silicone Rubber Foamed-in-Place. . 0.208 0.016 
SUIOR COGS... 5055s c cence cee: 2.82 0.24 Urethane Rubber Foamed-in-Place . 0.204 0.197 
Aluminum & Its Alloys............ 2.72 0.14 Urethane Flexible Foam........... 0.168 0.152 
Ns, dasa idisneve sac 2.54 — Prefoamed Modified Polystyrene. . . 0.125 0.015 
PIED. oc ccccsccesccce: 2.41 — Latex Flexible Foam.............. 0.104 0.008 
sins. decavcctecescs 2.24 _ Phenolic Foamed-in-Place......... 0.096 0.064 
Polytetrafluoroethylene........... 2.2 0.1 Polystyrene Foamed-in-Place...... 0.096 0.064 
SET, 2.15 0.85 Cellular Cellulose Acetate......... 0.096 0.032 
Polytetrafluoroethylene Film..... .. 2.15 Styrene-Butadiene Flexible Foam 
eka Sek n 66 00s ven 2.12 0.12 ee he te eee eS Ah Gs baa « 0.072 — 
Polytrifluorochloroethylene........ 2.12 0.03 Vinyl Flexible Foam.............. 0.064 _ 
Polytrifluorochloroethylene Film... . 2.11 — Prefoamed Polystyrene............ 0.048 0.019 
ee 1.82 0.18 Prefoamed Urea.................. 0.016 0.003 
Magnesium Alloys................ 1.81 0.04 
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Material & Average Range, + Material & Average Range, + 

Silver» 242 Titanium Alloys? . . . 5.8 0.9 
Copper.......... 211 Calciac.... 4.12 _ 
Gold>....... 172 Carbon>.... iy 4 
Beryllium Copper 105 ~ Ceramics, Elec & Mech 2.06 1.19 
Aluminum & Its Alloys 97.8 30.2 Polycrystalline Glass 1.62 0.48 
Tungsten”. .... 96.6 -- Magnesia®....... . ; 1.47 ~- 
Plain Brasses.... 88 21 Wood Comp Board, Hard....... 1.33 0.52 
Molybdenum?.................. 84.5 _- Silicon Nitride’. ...... 0.9 _ 
See 78.8 8.0 SESS Ds 0.80 — 
Phosphor Bronzes. . 74.5 45.5 re oe dap en as 0.63 0.18 
Aluminum Alloys (cast) 71.8 20.7 Wood Comp Board, Particle....... 0.6 0.2 
Tin Brasses........ . 65.5 15 | Zirconiae............... ese 053 | — 
Zinc & Its Alloys....... 61.4 0.8 Silicone Plastics............... 0.529 | 0.441 
Aluminum Brass................ 58 — Wood Comp Board, Soft.......... 0.52 0.28 
Magnesium Alloys. .. 54.5 |” a 0.475 | 0.125 
re 50 — Polyvinyl Alcohol................ 0.46 | — 
Magnesium Alloys (cast)......... 48.4 24.2 Melamines, Filled................ 0.33 | 0.08 
ho ow a te 42 — TRU R Ai swags neede eins 0.32 | 0.09 
Palladium. . . 4] _ fk 0.29 | 0.05 
re 39.8 | 0.25 | 0.05 
Ingot Iron®. .. 38 _ Cellular Polyethylene... .... 0.25 0.05 
Tungsten Carbide Cermet® 37.9 12.2 Phenolics, Shock & Ht Res...... 0.243 0.147 
Grade ATin.... 37 — Plastics Laminates, GP.......... 0.23 0.06 
Nickel Steels’... . 36.5 2.3 EE eT eee 0.207 0.037 
Wrought Iron? . 36 - Polyethylenes................... 0.19 — 
Red Brasses (cast), Leaded 36 - Silicone Rubber................. 0.177 | 0.017 
Nickel>....... 35.1 0.9 Plastics Laminates, Elec & Mech. . 0.17 — 
Iridium®..... 34 — vcs ames ee 0.16 | 0.14 
Tin Foil... 34 _ Nylons, Soluble................. 0.16 — 
Tantalum. . 31.5 - Cellulose Acetate & Propionate.... 0.145 0.045 
Nitriding Steels» - 30 — a re 0.143 — 
Standard Malleable lron......... 29.5 — Polytetrafluoroethylene............ 0.142 ~~ 
Gray Irons. 29 5 Ee 0.133 0.037 
Aluminum Bronzes (cast) 27.5 5.5 Cellulose Nitrate Sheet........... 0.133 — 
Tin Bronzes (cast), Leaded 27.5 0.5 POUR bids ton naasnbekacen 0.13 -- 
Carbon & Low Alloy Steels>. . 27 — Ethyl Cellulose.................. 0.129 0.038 
Tungsten-Titanium Carbide | re 0.125 0.025 

EE ee 24.7 8.2 id ides caecees 0.12 0.02 
Nickel-Chromium-Molybdenum a ee ibn at scat 0.12 ~- 

Steels>...... 21.7 — Ns heise ei canin cs aaa 0.118 0.003 
Nickel Silvers 21.5 — Neoprene Rubber............... 0.112 — 
Thorium. .. 21.4 — Polyesters (cast), Rigid........... 0.11 0.01 
Soft Leads» 19.5 0.2 Polycarbonate............... re 0.11 -- 
Nodular Irons 19 ] | re 0.101 0.005 
Hard Lead Alloys> 17.5 1.5 Polyvinyl Formal................ 0.089 _ 
Silicon Carbidee................. 17 8 Polyvinyl Chioride................ 0.085 0.015 
Boron Carbidee....... 16 — ee eae cela 0.082 _ 
Boron Nitride®............ eo 15.4 - Rubber Phenolics................ 0.08 0.04 
Stainless Steels>................. 15.3 5.9 Polypropylene................... 0.08 ~- 
Nickel Silvers (cast)............. 15 l Polystyrenes, GP................ 0.069 0.011 
ER ee eee 14.5 — Epoxy Foamed-in-Place........... 0.067 — 
Lead-Base Babbitts®............. 14 — Mod Polystyrenes................ 0.054 0.006 
MEE ees A a 13.1 2.3 Vinylidene Chloride............... 0.053 -— 
Tantalum Carbide............... 12.8 — ES re ere 0.053 -- 
Zirconium Carbide............... 11.9 — Polytrifluorochloroethylene....... 0.035 _- 
High Alloy Steels (cast)>.......... 11.4 3.8 PrOreeMOG SOONY...............5. 0.034 0.120 
Stainless Steels (cast)>........... 11.3 3.2 Cellular Celiulose Acetate......... 0.026 0.002 
I fea nwa kv acs acs'er ll 2 Urethane Rubber Foamed-in-Place . 0.025 0.005 
Titanium Carbide................. 9.9 — Neoprene Flexible Foam........... 0.025 0.004 
8s re 9.8 — Silicone Rubber Foam............. 0.025 _ 
EES Se A 9.6 -- Latex & Nitrile Flexible Foams... .. 0.023 0.002 
RE ee eee 9.52 - Prefoamed Polystyrene............ 0.022 0.002 
Austenitic Stainless Steels>........ 9.4 — Phenolic Foamed-in-Place......... 0.021 0.002 
RS Pe Sn ee 8.7 _- Polystyrene Foamed-in-Place...... 0.020 0.002 
Alumina Ceramics®............... 8.5 2.3 Styrene-Butadiene Flexible Foam .. 0.018 -- 
Columbium Carbide............... 8.23 -- Prefoamed Urea.................. 0.016 0.002 
Low Expansion Nickel Alloys®...... 6.48  — ) SREP reer 0 _ 







































































* Values at room temperature except where noted. 


bValue at temperature between 120 and 212 F. 







e Value at temperature >1800 F. 


MATERIALS SELECTOR ISSUE, 1958-59 













Coefficient of Thermal Expansion? 


Comparisons of Materials 











10-6 in./in./°F 
Material & Average Range, + Material & Average Range, + 
Polyethylene?.. . 118 49 High Carbon Steels 8.1 - 
Vinylidene Chioride?....... 87.8 ~- Chromium-Vanadium Steels 8.1 ~~ 
Polyvinyl Butyral¢...... 85.5 41.5 Manganese Steels». ....... 7.9 _- 
Cellulosics?.......... 77 33 aa 7.9 
Mod Polystyrenes, Extra ih Im- Magnesia®...... 7.78 
re 73 26 Nickel & Its Alloys........... 7.7 1.3 
Polypropylene?............ 62 — Gime... <5... 7.55 _ 
ae inion’ 58.5 12.5 Martensitic Stainless Steels>...... 6.9 | 0.4 
Polytetrafluoroethylene®.... .. 55 _— Cobalt. . ee 6.8 - 
Polyvinyl Alcohol?.......... 52.6 13.9 Wrought & ingot Irons eae ee 6.7 0.1 
Acrylics (cast)?............. 50 a Standard Malleable Irons......... 6.6 ~ 
Polyester (cast), Rigid?. . 47.5 8.5 Nitriding Steels®...... 6.5 -- 
Acetal?........ ov 45 - Palladium....... 6.5 - 
Phenolics (cast), Decorative 44 ll Titanium Alloys®................ 6.4 0.7 
a 42 14 Thorium®. . 6.2 -- 
Mod Polystyrenes............... 40 7 Chromium Carbide Cermet. . 4 6.05 | 0.25 
eee 40 ~- AES ae ee 6 | ~~ 
Polycarbonate?. . + ee 39 -- Titanium Carbide Cermet®........ 5.9 1.6 
Polytrifluorochloroethylene®.. 38.8 ~- Ferritic Stainless Steels.......... 5.9 0.2 
Polystyrenes, GP¢, . “ks 38.5 aS Age Hardening Stainless Steels. . . 5:85 0.35 
Phenolics (cast), Mech & mi d 38.5 5.4 SS a 5.8 _- 
ee 38.3 11.7 Beryllium Carbide> fs 5.8 — 
Prefoamed Polystyrene*........... 35 15 Beryllia & Thoria®............... 5.28 — 
I i ee hs is x oc wkd 35 5 Plastics Laminates, Mech 5.2 0.9 
Plastics Laminates, GP¢........ 34.5 23.5 Ruthenium? Lipeaeat 5.1 -- 
Polysulfide-Epoxy (cast)?.......... 33 22 Molybdenum Disilicide ee 5.1 | — 
Polyvinyl Chloride, Rigid?......... 30.5 2.5 Alumina Cermets®............... 4.95 | 0.25 
Silicone Plastics, GP¢............. 30.1 2.2 Soda-Lime Glass................. 4.95 | 0.15 
Urethane Rubber Foamed-in-Place@ 29.5 14.5 Lead Silicate Glass.............. 4.9 0.2 
Epoxy Foamed-in-Place?........ 25.2 14.8 ae On ene eee 4.9 | — 
Silicone Rubber Foamed-in-Place?. 22.5 2.5 EES ee ee 48 — 
Cellular Cellulose Acetate’... .... 22.5 2.5 ee ical 4.72 | -- 
Melamines, Filled?............... 21.1 10.6 Rhodium? & Tantalum Carbide 4.6 = 
NN 6 6 ihcd on sc ctiav'ses ei 20.8 4.2 Silicone Plastics, High Impact¢.... 4.5 | ~- 
ee 20.7 6.3 Plastics Laminates, Elec?......... 4.45 1.35 
a ee 20 10 Boron Nitride 4.3 -- 
Prefoamed Epoxy®..... 19 3 Titanium Carbide. 4.1 - 
Zinc and Its Alloys?.............. 18.9 0.5 Alumina Ceramics................ 3.85 | 0.15 
Bie 6 6 data one 00 16.3 — re re 3.82 | — 
Phenolics, Shock & Ht Res@ 15.6 7.4 lridium®, . ee eae 3.8 | _ 
Hard Lead Alloys................. 15.2 0.8 Tungsten- Titanium | 
Zinc Alloys (cast)........... 15.2 Carbide Cermet? . 3.75 | 0.25 
Rubber Phenolics?................ 15.1 6.9 Zirconium Carbide>. SG iee ds ccnduniee 3.7 -— 
Magnesium Alloys. 15 1 8 SCs 8h ish 0s sdansewes 3.66 | 0.33 
Aluminum & Its Alloys 13.9 0.6 EE eee Perey 3.6 | — 
ahs) ROG sss san sc0 ced 13.6 1.4 Es eee 3.6 —- 
EE ere 13 ~ EE ee re ee 3.4 -- 
Lead-Base Babbitts............... 12.7 1.9 Polycrystalline Glass.............. 3.2 2.5 
Phenolics, Elec?.................. 12.5 1.9 Tungsten Carbide Cermet>........ 3.2 0.7 
Aluminum Alloys (cast)........... 12.5 1.1 Pa sc ccesoonse 3.1 ~- 
EES RE a 12.1 -- Re ere 3.06 -- 
EE ED RE 10.9 -- Molybdenum?.................... 3 ~~ 
Copper & Its Alloys............... 10.4 1.4 Sitioes Carbide. .... 2... 0.6... e ee. 2.4 = 
Austenitic Nodular Irons.......... 10.4 -- Aluminum Silicate Glass........... 2.3 — 
Chromium-Manganese EE Se rere 2.2 _ 
Stainless Steels................ 9.95 25 Borosilicate Glass................. 2.15 0.35 
Austenitic Stainless Steels?........ 9.7 0.2 ee eee 2.08 — 
Nickel & Its Alloys (cast)>......... 9.03 0.17 Standard Electrical Ceramics....... 2 — 
High Alloy Steels (cast)®.......... 8.45 2.05 ee ar 1.73 — 
Stainless Steels (cast)®........... 8.4 2 Gass gta wesw doves 004 1.57 0.27 
Free-Cutting Steels®.............. 8.4 _ a Ss enc begd 1.4 0.1 
Medium & Low Carbon Steels... .. 8.35 0.05 PUM TUIIGE wad ccc ccceee 1.37 — 
Molybdenum Steels>.............. 8.3 — Ss Sleeidaiss be devveees 1.15 0.15 
Carbon Steels (cast)>............. 8.3 — PE ee eran 0.37 0.07 
Low Alloy Steels (cast)®........... 8.15 0.15 OE 0.28 -- 




















® Values for a temperature range except where noted. The lower temperature is room temperature. The higher temperature is a value 


between 212 and 750 F except where noted. 
b Value for a temperature range between room temperature and 1200-1650 F. 


© Value for a temperature range between room temperature and 2200-2875 F. 
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4 Value at room temperature only. 








Vielting Points of Metals and Ceramics 














renheit 
Material & Average | Range, + Material & Average | Range, + Material & Average | Range, + 

ungsten.......... 6152 | Boron Nitride 3000 Nodular Irons 2150 100 
ee | 6000) | Palladium. ... 2829 Uranium. . 2071 
ee | Ceramic Fiber....... 2800 Glass Fiber 2000 500 
Magnesia.............-| 9070 | 96% Silica Glass. . 2800 Copper 1960 20 
ee 4890 | Ingot Iron. . ere 2794 Gold..... 1945 
Violybdenum.......... 47600 | - Wrought Iron......... 2750 Copper Alloys 1790 160 
eee 4710 | - Low & Medium Carbon Silver... . vrs 1761 — 
yeep 4710 | - | a re 2735 35 Copper Alloys (cast)... 1695 145 
eee 4620 | - Nickel-Chromium- Aluminum Silicate Glass} 1675 - 
Ruthenium........... 4530 | ~ Molybdenum Steels 2740 - Other Silicate & 
Gy keke «0's 4450 | - _ eee 2723 - Soda-Lime Glasses . 1290 210 
Columbium........... 4379 | - Ferritic Stainless Steels 2695 95 Aluminum & Its Alloys 1070 140 
Molybdenum Disilicide 3685 90 Martensitic Stainless Magnesium Alloys...... 1010 190 
eee 3571 _- ere 2650 150 Zinc & Its Alloys. ..... 756 36 
Silicon Nitride........ 3452 - Stainless Steels (cast) 2650 100 lt re 620 3 
rE 3400 -- rere 2620 10 Tin-Base Babbitts..... 570 220 
Alumina Cermets 3362 ~- Austenitic Stainless Hard Lead Alloys...... 550 60 
BS 5-59 cd oan 3355 - de dake hads as 2600 50 Pewter....... ae 520 45 
ree 3224 Nickel Steels......... 2600 20 Lead-Base Babbitts 500 40 
ee 3135 - High Alloy Steels (cast) 2550 200 White Metal... . 475 — 
Vanadium............ 3100 - Nickel (cast).......... 2520 75 Hard Tin..... 443 
i a mee | - Asbestos Fiber...... 2470 300 ce heer el 390 
Fused Silica Glass... 3050 * Nickel Alloys 2458 158 

















Maximum Service Temperatures of Plastics and Rubber 


Fahrenheit 








Material & Average | Range, + Material & Average | Range, + Material & Average | Range, + 
Polytetrafluoroethylene Nylon 66............. 290 12 Polyethylene Film. .... 200 
. errr 575 10 Vinylidene Chloride Film 290 ~ PVC-Nitrile Rubber 
Silicone Rubber....... 550 ~- Plastics Laminates, Elec 280 120 Blend Film. ........ 200 
Polytetrafluoroethylene 500 Cellular Cellulose Vinylidene Chloride 191 21 
Polyester Film......... 490 - a 270 75 Acetal....... é 185 - 
Silicone Plastics....... 450 _ Polysulfide-Epoxy (cast) 270 25 Polyvinyl Chloride, Non- 
Fluorinated Acrylic Polyester (cast), Rigid 270 25 reer 180 40 
a 450 - Plastics Laminates, GP. 270 25 Mod Polystyrenes, Ht & 
Polytrifluorochloro- Urethane Rubber ME sis case daa 180 8 
ethylene............ 380 -- Foamed-in-Place. ... 270 25 Natural Rubber....... 180 
Diallyl Phthalate...... 370 75 Rubber Phenolics 260 45 Styrene-Butadiene 
Phenolics, Shock & Melamines, Fabric-Filled 250 — See 180 
eee 350 100 Nitrile Rubber......... 250 ~ Neoprene Flexible Foam 180 - 
Melamines, Glass Fiber- Polysulfide Rubber... .. 250 -- Polystyrene Foamed-in- 
eer 350 | 50 Neoprene Rubber...... 240 - Pe are 180 - 
Nylon, Glass Fiber-Filled 350 | 50 Urethane Rubber....... 240 — i a avkcdnehss 170 | 30 
Alkyds, High Str....... 0 | — §WenG............... 220 25 || Polystyrene Film....... 170 | 10 
Polytrifluorochloro- Polyester (cast), See 170 -- 
ethylene Film........ 348 47 Se 220 25 Polyvinyl Chloride | 
Cellophane............ ae l6U|lC(<‘SK Plastics Laminates, Film, Nonrigid....... 165 | 15 
Phenolics, Elec......... 25 | 7 Sere 220 25 Polystyrenes, GP....... 160 | 20 
| 320 | 25 ere 220 -— Polyvinyl Chloride, Rigid 160 | 8 
Phenolics, GP.......... 320 | 25 Hard Rubber, GP....... 220 — Prefoamed Polystyrene. 160 | 5 
Prefoamed Epoxy....... 320 25 Polyvinyl Chloride | Latex Flexible Foam. ... 16 | — 
Cellulose Acetate Film. . 300 100 Film, Rigid.......... 210 | 10 Styrene-Butadiene | 
Melamines, Cellulose or Polymethylstyrene...... 210 l Flexible Foam........ i le 
Mineral-Filled........ 300 95 Melamines, Unfilled..... 210 | — Polyvinyl Formal....... 150 | 17 
Butyl Rubber.......... 300 50 Nitrile Flexible Foam. . . 2100 |; — Mod Polystyrenes, Med 
Epoxies (cast).......... 300 — Rubber Hydrochloride & High Impact....... 140 | 20 
Allyls (cast)........... 300 — re 205 | — _ | Cellulose Nitrate Film.. 140 | — 
Phenolic Foamed-in- Urethane Flexible Foam. 200 | — Nylons, Soluble. ....... 140 — 
ae 300 — Prefoamed Urea........ 20 | — Polyvinyl Butyral....... 110 — 
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Comparisons 
of Materials 











Electrical Resistivity’ 


Microhm-cm 


Comparisons of Materials 

















Material & Range | Material & Range | Material & Range 
Polytetrafluoroethylene..................10% ] Ureas............. 5-50 x 10° | Medium Carbon Steels...................19 
| Se 1024-1025 | Cellulose Acetate................ 10'6-10! | Thorium... paateaniacdkal ana 
Polytrifluorochloroethylene..............10%4 | Phenolics, Shock & Ht Res.......... 106-10!° | High Carbon Steels. Laseawaekeetslontae 
Polyethylene.......................10?5-10% | Cellulose Acetate Butyrate ..10'6-10'8 | Manganese Steels. . pe eee 17 
Polypropylene......... -useeussss. >> 10% | Polycrystalline Glass....................10"© | Low Alloy Steels.......... 15-20 
PRIS gg oc coca scccesseece 2.1 x 102 | Soda-Lime Glass>...................4x 10 | White Metal. . To a ae 
ee >1024 | Phenolics, GP......... cease... 10!-10!9 | Platinume. . bcmknaay ds cnenaeee 
Nylons, Glass Fiber-Filled....... 4.9-5.7 x 1024 | Melamines, Fabric-Filled............ 10'5-1018 | Free- Cutting Steels... Ss ies wae 
Mod Polystyrenes, Med & High Impact. 1021-1028 | Diallyl Phthalate............... 1-250 x 10%* | Low Carbon Steels.................. ..143 
SS Se 1021 | Rubber Phenolics................. ek 14.2 
Aluminum Silicate Glass>...............10% | Beryllium Carbide..................1.1 x 106 | Magnesium Alloys (cast), Sol’n Tr. . .14.0-17.5 
fe 8 | JE ern 3500-4600 | Carbon Steels (cast)... . uhd< Vous 
Polystyrenes, Glass Fiber-Filled....1-67 x 102° | Graphite.................... 800-1300 | Tantalum.............. 5d nto ace 
Urethane Rubber Flexible Foam. .6.8-8.3 x 102° | Titanium Alloys........................118 } Tin Foil... ....000000.... nance 
Vinylidene Chioride.......... 102-1022 | Titanium Carbide.......................105 } Inconel (cast)*....................11.6-12.6 
Mod Polystyrenes, Extra High Impact. 102°-1022 | Austenitic Nodular Irons................ sir iG edenevinvewteger 11.5 
Alumina Whitewares................ 10-1021 | Inconel............... 7” 0 ons SRS vatacseeistadgoacdeaes 10.8 
Acrylics & Alkyds......................10® | Columbium Carbide............. 14 > gggai sensi otal dnd eu he 
Cordierite, Forsterite & Steatite.......... 10? | Austenitic Stainless Steels........ 72 | Nickel¢. i a Se er a 
Lead Silicate Glass>.................... 102° | Age Hardening Stainless Steels........ 71- 100 Osmium. . Oe TERRA 9.5 
Polyvinyl Butyral....................... 102° | Stainless Steels (cast).................71-90 | Admiralty Metal, Ann. Susan's da 
Polyvinyl Chloride, Rigid................ 102° | High Alloy Steels (cast)...............70-112 }| Rutheniume........ hay aciiex ane 
Zircon Whitewares...................... 10° | Chromium-Manganese Stainless Steels... .. 69 |} Aluminum Bronzes (cast). Keaeseuies 7.5-13.5 
PRS BEDE ede us o-oo vue ga sc aba po ee ree 66-68 | Aluminum Brass, Ann...................7.5 
hh >4x 10 | Zirconium Carbide...................... 63.4 | Manganese Bronze, | See 
Silicone Plastics................. >3.4 x 10! | Ferritic Stainless Steels................60-67 | Zinc Alloys (cast). ................ 6.37-6.54 
is ey ere TS etre eee ..95 | Zinc Alloys (HR)...................6.22-6.31 
Se See ee 1.7 x 10! | Monel (cast)°................... ELL Ta EPS Pe 6.10 
EE ere rs 10*9-1023 | Gray lrons..........................50-200 | Magnesium Alloys (cast). ...... .. 66-17 
Mod Polystyrenes, Ht & Cmi Res. ... .10"*-1023 | Monel. . roe Seed: Viger ge oe -48.2- es ee bbee aaa 6.6 
lS a .10%-102 | Low Expansion Nickel a ..48-81 | Yellow Brass, Ann...................... 6.4 
Standard Electrical Whitewares.. ... .10'°-102 | Duranickel¢. . err Ee 6.2 
Epoxy Foamed-in-Place................. 10° | Martensitic Stainless Steels. ...s.+.---40-72 | Cartridge Brass, 70%, Ann............... 6.2 
Polyesters (cast), Rigid.................. 10!9 | Zirconium. . sass 5 a se Ra 5 advent veieh wekesa0% 6.06 
ss vc csnececadrcat >8 x 108 | Pearlitic Malleable Irons. .....-38.2-41.2 | Aluminum & Its Alloys, UPS ihn ox actos 5.75 
Phenolics, Elec. . ~ .6-10 x 108 | Standard Malleable Irons........ aT eee Peaeatebanaa 5.5 
Polysulfide- Epoxy (cast) ideas AL. 3-15 x 108 | Nickel-Chromium-Molybdenum Steels? .30 | Low Brass, 80%, Ann..................-. 5.4 
Phenolics (cast), Mech & Cml....... Re TION, 6 os ge cc ctscccscsccctens 1 ohn es cs desea garevdnil 5.3 
Phenolics (cast), Decorative........ 1-3 x 10% | Nitriding Steels Se ee sid ierin oe §.2 
Cellulose Propionate................ 108-1022 | Nickel Steels, Ann.>................ ..27-29 | Magnesium Alloys.................... 5-14.5 
Gs... ccc cvccoesees 1018-1029 | Lead-Base Babbitts................ 25.6-28.7 | Beryllium Coppers, Ann............. 4.82-5.82 
Borosilicate Glass>..................... i ave sd decdnrncensess 5, I Ea cAMe cach ia dane sdb caene 4.51 
Polyesters (cast), Nonrigid.............. I a dale ss swab a o's « 60 tbe » 10 le 25 | Red Brass, 85%, Ann....................4.7 
Polyvinyl Chloride, Nonrigid..... 4-7000 x 10!” | Hard Lead Alloys................. 22.0-27.1 | Commercial Bronze, 90%, Ann............ 3.9 
Phenolics (cast), Transparent......... 3 x 10!” | Chromium-Vanadium Steels............ 21.0 | Phosphor Bronzes, Ann...............3.6-16 
Polymethylstyrenes........... 2.6-2600 x 10%” | Nickel (cast)®............ Fe ek th 20.8 | Gilding, 95%, Ann................... 3.1 
a II, og dnd. cc tise cs dacedstendeas 20.6 | Aluminum & Its Alloys, Ann ARE: 2. 93- 5.94 
Melamines, Glass Fiber-Filled....... 1-7 x 107 | Tantalum Carbide...................... RES SRS ae 2.35 
Cellulose Nitrate Sheet......... 1.0-1.5 x 10°7 | Manganese-Silicon & Manganese-Nickel- ON AT perrreer cree 1.71-2.03 
Melamines, Cellulose and /or Chromium-Molybdenum Steels. ...... SE rr a Oe 1.59 
og oo 0 ose wdlduicte 10!7-102° | Molybdenum Steels...................... 19 





® Values or ranges at room temperature except where noted. 
b Value or range at a temperature between 120 and 212 F. 


© Value or range at 32 F. 
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Modulus of Elasticity in Tension’ 























100,000 psi 
Material & Average Range, + Material & Average | Range, + 

EE Ee ee 800 — ae re 120 —- 
Tungsten Carbide................ 780 | 164 Semi-Red Brasses (cast), Leaded... 110 | 33 
RD halide ee 8 740 — a ae eee 110 — 
Tungsten-Titanium Carbide Cermet 731 76 Tin Bronzes (cast), Leaded....... 106 | 21 
Silicon Carbon, Densified......... 680 ~- Aluminum & Its Alloys ; 104 
SE 600 ~- A a 100 — 
(EE ee 500 — Standard Electrical Ceramics....... 100 — 
Titanium Carbide Cermet......... 495 | WI Fused Silica Glass............... 100 - 
ee 420 | — 96% Silica Glass................. 97 — 
ES ae ae 420 | - Mica, Glass-Bonded............... 95 25 
Rhodium............. : 420 — Soda-Lime Glass................. 95 5 
Alumina Ceramics.............. 410 90 Borosilicate Glass................ 83 15 
Alumina Cermets................ 390 20 Lead Silicate Glass............... 83 7 
NN Shh Gi0std snes ep enen 310 — Peer erie 77 — 
Ns 55h ud vrs necekv ke keds 300 Tin-Base Babbitts................ 74.5 ie? 
isa. Aces crs tichoances 300 = ss s dexsecas bl 
a. kb ia kins owe sche 300 - Magnesium Alloys............... 65 — 
Ea ae 300 ~- Grade ATin........ ee eee 62.5 2.5 
Carbon Steels (cast)............. 299 2 Epoxy Foamed-in-Place........... 60 — 
Ge 298 _ Lead-Base Babbitts............... 42 — 
Carbon & Low Alloy Steels....... 295 PE 59 I 6s bg bas 6 44-a'eou'e 40 10 
SS 290 | — Phenolics, Shock & Ht Res......... 20.5 12.5 
Martensitic Stainless Steels........ 290 ~ OE” eer ere 20 a 
Ferritic Stainless Steels........... 290 — Ee ie xy aniinveekax¥aas 19.5 22 
Age Hardening Stainless Steels... . 288 | 7 Haynes Stellite 21................ 16.8 -- 
Chromium-Manganese Stainless Melamines, Filled................ 14.7 4.8 

Oe 283 3 EE ie 14.5 LS 
Austenitic Stainless Steels......... 280 | — Polystyrenes, Glass Fiber-Filled. . . 12 _ 
Pearlitic Malleable lrons......... 280 - Diallyl Phthalate............. 11.5 5.5 
High Alloy Steels (cast). ......... 270 | 20 ack oes wns ¥ gota de 11 3 
ee: 270 } — | Serer 10.5 2.5 
Stainless Steels (cast)........... 265 | 25 Rubber Phenolics................. 6.5 2.5 
NS tie 28 this ds ecabaness 260 — Polyvinyl Formal. ............... 6 l 
OD tebe 5 Luucd ineedecses 250 | 50 katie caneucden 4.95 0.45 
Standard Malleable Irons...... 250 -- Phenolics (cast), Mech & Cml..... 4.5 0.5 
PN. ovo csv eese vewcsowed 240 10 , re 4.5 0.5 
I veedecseetessce’ 236 6 ce, pe edavanne keehee 4.25 0.75 
ee eee 235 15 ish to xnch ae noni 4.05 0.05 
Low Expansion Nickel Alloys....... 225 15 Polyesters (cast), Rigid............ 4.0 2.5 
NS ie o5ch sks bénbvaeces 215 - Mod Polystyrenes................ 4 2 
EE eT eae 210 -- Phenolics (cast), Decorative........ 3.75 0.75 
Hafnium & Vanadium............. 200 ~ Polyvinyl Butyral................. 3.75 0.25 
Beryllium Coppers................ 190 — ee 2.55 1.05 
Austenitic Nodular lrons.......... 185 _ Eee ere 2.5 0.5 
EE, bub bdes davis bxchao’ 180 20 Polytrifluorochloroethylene........ 2.45 0.55 
I a 170 -- Cellulose Nitrate Sheet............ 2.05 0.15 
EE oe re 170 -- Ethyl Cellulose................... 2.0 15 
Aluminum & Phosphor Bronzes. ... 165 15 Phenolics (cast), Transparent...... 2 l 
Css saeieshsrecceses 160 10 Polysulfide-Epoxy (cast)........... 1.75 1.74 
Tin & Aluminum Brasses.......... 155 5 Polypropylene................... 1.55 - 
Titanium & Its Alloys............. 154 5 Vinylidene Chloride............... 1.35 0.60 
Silicon Carbide, Bonded........... 150 20 Polyethylene, High Density........ 1.2 0.4 
Polycrystalline Glass.............. 149 24 Cellulose Propionate.............. 1.1 0.6 
Ee cass dk vas veresaoxes 145 55 Polyethylene, Medium Density. .... 0.625 0.275 
eds. beh cad cdenaeed 145 15 Polytetrafluoroethylene............ 0.515 0.135 
EE SoS he cah kviestuabss dea 140 _ Nylons, Soluble.................. 0.38 — 
Tin Bronzes (cast), High Leaded ... 133 27 TT .. bacguiccescesseces 0.33 _ 
ey eee 124 _ Polyethylene, Low Density......... 0.235 0.035 
Red Brasses (cast), Leaded........ 120 29 Polyvinyl Chloride, Nonrigid....... 0.017 0.013 











*® At room temperature. 
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of Material 











Tensile Strength? 


Comparisons of Materials 











1000 psi 
Material & Average | Range, + Material & 
a 300 Ee oe 
Manganese-Silicon & Manganese- Molybdenum Steels, CD & Ann... . 
Nickel-Chromium-Molybdenum Austenitic Stainless Steels, Ann... . 
Steels, H & T (800 F).......... 225 33 Manganese Steels, Ann............ 
Nickel-Chromium-Molybdenum Stainless Steels (cast), Ann........ 
Steels, H & T (800 F)........ 215 5 Martensitic Stainless Steels, Ann... 
Stainless Steels (cast), H & T..... 210 10 High Alloy Steels (cast), Ann...... 
BES OCA: eee 208 4 Medium Carbon Steels, CW....... 
Beryllium Coppers, CW & Ht Tr.. 195 15 I hess dddakitee 
Nitrided Steels, H&T........... 190 -- Inconel (cast)... . J ae 
Molybdenum Steels, H&T...... 188 80 Nickel-Chromium-Molybdenum 
Martensitic Stainless Steels, H & T. 187 98 Steels (86xx, 87xx), Ann........ 
ES a eee: 185 120 Free-Cutting Steel, CD........... 
MUIINTE soc ssicsssscvcaccss 185 15 Nickel Steel, Ann................. 
Beryllium Coppers, Ann. & Ht Tr.. 175 10 hs bos cs dekh arch kawas 
Age Hardening Stainless Steels, Gs 6s sll kon wlan ae aaa 
Sol’n Tr & Aged........ ve ceisiies 173 42 ke ne 
Titanium Alloys, Ht Tr........... 170 -- Manganese Bronze, Half Hard...... 
High Carbon Steels, H & T (700 F) 169 20 Ferritic Stainless Steels, CW....... 
Nickel-Chromium-Molybdenum Titanium Carbide Cermet.......... 
Steels, H & T (800 F).......... 168 46 Cartridge Brass, 70%, Hard....... 
ee ee 167 13 Low Expansion Nickel Alloys, Ann... 
a 158 142 pO 
Low Alloy Steels (cast), H&T..... 155 45 Pearlitic Malleable lrons......... 
Austenitic Stainless Steels, CW..... 147 38 Ferritic Stainless Steels, Ann...... 
Molybdenum, CW................. 147 28 Naval Brass, Half Hard............ 
Chromium-Vanadium Steels, H & T. 146 4] Low Brass, 80%, Hard............ 
CO eee 145 35 Yellow Brass, Hard............... 
Chromium-Manganese Stainless SEES & sans sa.csseeeseces 
a a 138 12 es 
Titanium Alloys, Ann............. 137 18 Beryllium Coppers, CW............ 
Tungsten-Titanium Carbide Cermet 132 13 Vanadium, Ann.................. 
Monel (cast), Ann. & Aged........ 132 13 Beryllium Coppers, Ann.......... 
Tungsten Carbide Cermet........ 130 -- Aluminum & Its Alloys, T6 ; 
Aluminum Silicate Glass........... 125 17 Red Brass, 85%, Hard........... 
High Carbon Steels (HR)......... 127 — Muntz Metal, Half Hard........... 
Nickel Steels, H & T (1000 F)..... 122 18 Low Carbon Steels, CW........... 
hs ive adissssedbevenes 122 10 Manganese Bronze, Ann........... 
SN 5s duh decescitucaas 120 10 Austenitic Nodular lrons.......... 
Manganese Steeis, H & T (1000 F) 118 18 SS ey 
Phosphor Bronzes, Hard.......... 117 ll Aluminum Brass, Ann. .......... 
Low Expansion Nickel Alloys, CW... 115 25 es 5 6s Wh dicn'n bie res bs 
Molybdenum Steels, CD........... 113 24 Gilding, 95%, Hard............... 
ee 113 _ at a oh ban weeehonees 
EE 112 13 Naval Brass, Ann................. 
Phosphor Bronzes, Hard........... 111 36 Nickel Silvers, Ann............... 
Manganese Steels, CD............ 110 9 Standard Malleable lrons.......... 
Medium Carbon Steels, H & T Commercial Bronze, 90%, Hard.... 
ESS keeles Sa 109 ll Muntz Metal, Ann................. 
High Carbon Steels, Ann........... 108 ll Silver, CW........ i dedan de scene 
Molybdenum, Ann................ 107 23 Phosphor Bronzes, Ann............ 
Nickel-Chromium-Molybdenum Admiralty Metal, Ann............. 
Steels (43xx), Ann.............. 107 12 Columbium, Ann.................. 
High Alloy Steels (cast), ER 
RCE a ey 107 — SEE, vvaccdiescvedeccess 
os isi deden ds 105 45 Nickel Silvers (sand cast)......... 
Duranickel, Ann.................. 105 15 a a ee 
Chromium-Manganese Stainless ee eee 
ER RE ee ae 105 10 Yellow Brass, Ann................ 
Aluminum Bronzes (sand cast), re re 
H & T (1000-1150 F)............ 102 13 RS ES ae 
Nickel Steels, CD................. 102 8 Zinc Alloys (die cast)............. 
Columbium, CW.................. 100 — EE eee ree 
Nickel Silvers, Extra Hard......... 100 8 Aluminum Alloys (cast), Sol’n 
Carbon Steels (cast), H&T........ 100 -- Nn hee ain oh abd 2 ad 





















* At room temperature. 
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Tensile Strength—concluded 


1000 psi 








Material & Average Material & Average Range, + 
Cartridge Brass, 70%, Ann. 44 Polysulfide-Epoxy (cast) 6.5 3.5 
Ingot Iron, Ann. Gerais 42 Polytrifluorochloroethylene 6.4 0.2 
Low Brass, 80%, Ann..... 42 Rubber Phenolics. . 6.2 2.8 
Magnesium Alloys (forged) 4] Polyvinyl Butyral.... 6.2 2.3 
Tin Bronzes (cast), High Leaded 40 Vinylidene Chloride 6 2 
Platinum, CW............. 39 Mica, Glass-Bonded 6 ] 
Red Brass, 85%, Ann. 39 Urethane Rubber (gum) >5 - 
Red Brass (cast), Leaded 38 Diallyl Phthalate... ... 5.8 1.2 
Thorium. . ee 37 Allyls (cast)... .. sill 5.7 1.3 
Chromium Carbide. Pw 36 Nylons, Soluble............ 5.6 1.8 
Semi-Red Brass (cast), Leaded 34 Rubber Hydrochloride Film. .... 5.9 0.5 
ee 32 Hard Lead Alloys (chill cast)... .. 5.4 2 
eee ee 32 SE ee 5.1 3.2 
Magnesium Alloys (cast).......... 31 Mod Polystyrenes, Med & High 
Tin Bronzes (cast), Leaded........ 31 RR 5.1 1.7 
Nickel Silvers (sand cast) 30 Polytrifluorochloroethylene....... 5.1 0.6 
Palladium, Ann......... 30 ee ea ria th ies ens 5.0 3.5 
Alumina Ceramics... .. 29 Polypropylene.................... 5 — 
Vinylidene Chloride, Oriented. . 27 Standard Electrical Ceramics 4.7 2.3 
ll 26 Silicone Plastics, High Impact 4.7 G3, 
Aluminum Alloys (cast) 23 Polyethylene, High Density... . 4.5 1.0. 
Polyester Film...... 22 Wood Comp Board 4.4 4.3 
Boron Carbide 22.5 Silicone Plastics, GP. ... 4.1 0.2 
Plastics Laminates... . 22 Natural Rubber. . 4.0 0.5 
errr 22 Hard Tin (CR).. ahaa 4.0 — 
Platinum, Ann........... 21 Mod Polystyrenes, Extra High 
Alumina Cermets................ 21 Impact. . nat a 3.7 0.8 
Gold, Ann.......... 19 Nitrile Rubber (black)... Se 3.7 0.8 
Gold (cast)........ Tere 18 Phenolics (cast), Transparent. .... 3.5 1.0 
Nylons, Glass Fiber- Filled ee 16 ES ae : 3.5 0.5 
a 15 Polyvinyl Alcohol........ a 3 2 
Silicon Carbide... . 14 Polyvinyl Chloride Film, Nonrigid 3 2 
Cellophane........ 13 Styrene-Butadiene Rubber (black) 3.0 0.5 
Polystyrenes, Glass Fiber-Filled 12 Natural Rubber (gum) 3.0 0.5 
Nylons 6 & 66....... ll re 3 — 
Vinylidene Chloride Film ll eS 2.8 - 
Tin-Base Babbitts (chill cast) 10 PVC-Nitrile Rubber Blend Film 2.7 1.3 
Forsterite..... 10 0 a ee 2.7 0.3 
Epoxies (cast)... 10 Polytetrafluoroethylene Film....... 2.9 0.5 
Cellulosic Films 10 Polyethylene Film. oe ee re 0.7 
Polyvinyl Formal. .... 10 Polyvinyl Chloride, Nonrigi 2.2 1.3 
Mod Polystyrenes, Ht & Cml Res. . 10 Polytetrafluoroethylene. . - 2.2 0.8 
ee 10 Grade A Tin, Ann.............. 2.2 — 
Steatite........ ee, Sree 9.9 Soft Leads (chill cast or extr)...... 2.1 0.1 
POPMTOIIID on 5 5 bids cccccccns 9.7 Polyethylene, Medium Density. .... 2.0 0.5 
Polystyrene Film................ 9.5 Polyethylene, Low Density......... 1.9 0.6 
Reg SS ae ee 9.2 Soft Leads (sand cast)............ 1.8 ~- 
| EE Se eee 8.7 Polyesters (cast), Nonrigid......... 1.4 0.5 
Lead-Base Babbitts (chill cast)... .. 8.6 ahi goatee gd badass 1.2 0.8 
0 SEAR Pe eee 8.6 Fluorinated Acrylic Rubber (gum). . 1.2 _ 
ES Se ere 8.5 Polysulfide Rubber (gum)......... >1 --- 
Ee oe Pe 8.2 ESE Ry er eee 1.0 0.1 
Ee ee 8 Epoxy Foamed-in-Place........... 0.9 — 
Aikyds, Wigh Str................ 8 Silicone Rubber (gum)............ 0.8 0.2 
Polyvinyl Alcohol Film............ 8 Nitrile Rubber (gum)... ... Beret 0.7 0.2 
Polymethylstyrenes............... 7.8 Cellular Polyethylene............. 0.67 _- 
Melamines, Filled................ 7.5 Prefoamed Modified Polystyrene. . . 0.58 0.52 
ENE re eee 7.5 Urethane Rubber Foamed-in-Place . 0.50 0.49 
Polyvinyl Chloride Film, Rigid...... 7.5 Styrene-Butadiene Rubber (gum) .. 0.25 0.05 
White Metal (CR)................. 7.4 Cellular Cellulose Acetate......... 0.15 0.03 
Polyvinyl Chloride, Rigid.......... 7.2 Prefoamed Polystyrene............ 0.11 0.08 
White Metal (cast)................ 7.2 -- Vinyl Flexible Foam............... 0.10 0.09 
SE ee ae ] 3 Polystyrene Foamed-in-Place...... 0.08 0.05 
Polyesters (cast), Rigid............ 7 3 Neoprene Flexible Foam........... 0.06 0.04 
Polystyrenes, GP...... wee ee 6.7 1.8 Phenolic Foamed-in-Place......... 0.039 0.035 
White Metal, Ann................. Latex Flexible Foam.............. 0.005 
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Comparisons of Materials 






































Elongation’ 
Percent 
| | | | 
Material } Average | Range, + Material Average | Range, + 
Butyl Rubber (gum)....... 850 100 EG Sabi cin tk ahcekiacns 45 _ 
Neoprene Rubber (gum).... 850 50 Muntz Metal, Ann.......... roa 45 ~ 
Natural Rubber (gum).......... 800 50 a ee 45 ~ 
Butyl Rubber (black)............ 750 100 Cellulose Acetate Film........... 43 27 
Urethane Rubber (gum) a! 640 110 Soft Leads (chill cast)............ 43 4 
Polypropylene................... 600 | 100 Beryllium Coppers, Ann.......... 42 8 
Natural Rubber (black)........... 600 | 50 Cellulose Acetate, Soft............ 4] 9 
Ee 575 125 ee ee ive dcss ease 40 10 
Polysulfide Rubber (gum).......... 550 | 100 Leaded Naval Brass, Ann.......... 40 - 
Neoprene Rubber (black)......... 550 | 50 ee 40 ~- 
Polyethylene Film............... 500 300 Ea ee 40 ~- 
Polyvinyl Alcohol Film............ 500 100 CUE 40 — 
Styrene-Butadiene Rubber......... 500 100 Hard Lead Alloys (rolled).......... 38 22 
FUyONS, SORUNIO. ..4. 22.20... eee 450 150 Low Expansion Nickel Alloys, Ann... 38 3 
Polyvinyl Alcohol................. 450 150 ES OR 2 a Sr 37 13 
Rubber Hydrochloride Film........ 425 75 Stainless Steels (cast),H &T...... 36 19 
Polyethylene, Low Density......... 403 322 gs as 35 5 
Latex Flexible Foam.............. 380 — Cellulose Nitrate Film............. 35 5 
PVC-Nitrile Rubber Blend Film.... 375 125 Low Carbon Steel (HR)............ 35 4 
Polyvinyl Chloride, Nonrigid...... 320 130 re 35 _ 
Cellular Polyethylene............ 310 — Wrought Iron (HR)................ 35 - 
NS iis ato scp W Nk ads vies 300 -- Austenitic Stainless Steels, CW..... 34 26 
Fluorinated Acrylic Rubber (gum)... 300 _ NS Blea 5 ick an Gdandeecas 33 17 
Polyvinyl Chloride Film, Nonrigid... 275 225 Vinylidene Chloride Film. . 33 7 
Silicone Rubber (gum)........... 230 170 Manganese Bronze, Ann.... 33 -- 
Polytetrafluoroethylene............ 230 120 Polyvinyl Butyral......... 32 28 
Polytetrafluoroethylene Film...... 225 25 Cellulose Acetate, Medium. 32 15 
Vinyl Flexible Foam............... 190 110 Sx ca dias dicscs sce 32 8 
Polyesters (cast), Nonrigid......... 170 140 ee 31 19 
Polytrifluorochloroethylene Film... . 145 55 Aluminum & Its Alloys, Ann....... 31 14 
ST WUNs b Sd oreo ccucesces 100 30 OT re 30 20 
Duranickel, Ann.................. 90 40 Columbium, Ann......... iitcuaaa 30 - 
a 80 20 Soft Leads (sand cast)............ 30 _ 
Nylons 66 & 610...........0..008. 73 | 10 ae 30 — 
White Metal, Ann................. 70 _ Chromium-Vanadium Steels, 
Cartridge Brass, 70%, Ann......... 66 —- Norm. (1600-1650 F) 29 6 
Yellow Brass, Ann............. an 65 — Tin Bronze (cast), Leaded . 28 12 
Admiralty Metal, Ann............. 65 | — Ethyl Cellulose Film....... 28 7 
Polyethylene, High Density........ 62 38 White Metal (CR).......... 28 _ 
Mod Polystyrenes, Extra High Im- Vanadium, Ann........... ini 28 -- 
+ See 60 | 40 Zinc Alloys, (CR)......... as 27 17 
Se re 60 -- Nickel-Chromium-Molybdenum 
Phosphor Bronzes, Ann........... 59 1] Steels (86xx, 87xx), Ann. 27 5 
Chromium-Manganese Stainless Medium Carbon Steels (HR) 27 3 
0 a ree 58 2 Low Carbon Steels, CW... . 26 9 
Polytrifluorochloroethylene........ 57 30 Carbon Steel (cast), Ann. 26 6 
Cellulose Acetate Butyrate......... 56 18 Nickel Steels, Ann................ 26 5 
Austenitic Stainless Steels, Ann... . 55 5 Se eee 26 — 
Cellulose Propionate.............. 55 5 ae eee 25 24 
Aluminum Brass, Ann............. 55 _- Tantalum, Ann............ ares 25 15 
oo 55 — Red Brass (cast), Leaded.......... 25 10 
Low Brass, 80%, Ann............. 52 ~- Ferritic Stainless Steels, Ann....... 25 5 
Polysulfide-Epoxy (cast)........... 50 50 Carbon Steels (cast), Norm. & T.... 25 l 
SE Sieietes vhicdelscicd 50 10 Martensitic Stainless Steels, Ann... 24 ll 
Soft Leads (rolled)............... 50 7 Austenitic Nodular lrons.......... 23 17 
EG iddahersedeceedes 50 -- Cellulose Acetate, Hard........... 23 17 
Ingot Iron, Ann................... 48 — Manganese Steels, H&T.......... 23 5 
Red Brass, 85%, Ann.............. 48 _ Low Alloy Steels (cast), Norm. & T. 23 3 
Gada ro eseesidescocen 48 -- High Alloy Steels (cast), Ann....... 23 _ 
a RE 47 18 GE Ss Ce 22 g 
a. cedesnvesccveceed 47 8 Vinylidene Chioride............... 22 8 
CIES 5 Specs ccaccoacves 47 -- Medium Carbon Steels, H & T 
Naval Brass, Ann................. 47 — Se Oe ere 22 5 
Nickel Silvers, Ann............... 45 13 Aluminum Bronzes (sand cast)... . 21 14 
Commercial Bronze, 90%, Ann... .. 45 “= Nickel Steels, CD................. 21 4 
ES Ee 45 - Nickel-Chromium-Molybdenum 
Gilding, 95%, Ann................ 45 — Steels (43xx), Ann.............. 21 4 
* At room temperature. 
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Material & Average Range, + Material } Average Range 
Manganese Steels, Ann...... 21 3 Muntz Metal, Half Hard. . 10 ~~ 
Mod Polystyrenes, Med & High Stainless Steels (cast)... .. 8.5 : 6.5 

Pees 20 15 Zinc Alloys (die cast)............. 8.5 1.5 
Nickel Silvers (sand cast)... .. 20 10 Cartridge Brass, 70%, Hard 8 - 
Medium Carbon Steeis, CW 20 6 Yellow Brass, Hard.............. 8 —- 
Chromium-Manganese Stainless Pearlitic Malleable lrons......... ia 4.5 

Steels, CW.. 20 5 Beryllium Coppers, Ann. & Ht Tr. . 7.5 | 4.5 
Ferritic Stainless Steels, CW... 20 5 8 7.5 | 2.5 
Hard Lead Alloys (chill cast)... . 20 4 Nylon, Glass Fiber-Filled . 7.5 | 1.0 
Manganese-Silicon & Manganese- Magnesium Alloys (cast). . 7 | 5 

Nickel-Chromium-Molybdenum Copper, Hard. . Rens Y 7 | l 

Steels, H & T (1200 F)......... 20 3 Low Brass, 80%, Hard. iota ae 7 — 
Carbon Steels (cast), H&T........ 20 - SN Pas eens escecns: : 65 | 6.5 
Naval Brass, Half Hard........ 20 -- Polystyrene Film. . 6.5 2.5 
Low Expansion Nickel Alloys, CW. . 20 Zirconium (CW). . | eee 5.7 4.3 
Copper, Half Hard............... 19 6 Molybdenum (sintered), Ann....... 5.5 1.5 
High Carbon Steels, Ann... .. 19 5 Aluminum Alloys (cast). . 5.3 3.7 
Monel, Ann. & Age H...... 19 5 Cobalt, CW. . 5 | 3 
Molybdenum Steel, CD & Ann.... 19 3 Beryllium Copper, cw & Ht Tr. 5 3 
Nitriding Steels, H & T (1200 F) 19 3 Lead-Base Babbitts (chill cast) 5 | 3 
Manganese Bronze, Half Hard 19 2.4 Gilding, 95%, Hard. ; 5 = 
Age Hardening Stainless Steels, Commercial Bronze, 0%, Hard. 5 | ~ 

| ETS ae ae 18 12 Red Brass, 85%, Hard. 5 
Titanium, Ann. 18 4 Polyesters (cast), Rigid. 5 | - 
Aluminum & Its Alloys, H14, Ke 18 2 Columbium, CW....... 5 — 
Standard Malleable Irons. . : 17 8 Acrylics (cast). ............ 4.5 2.5 
Checmium-Vanadium Steels, H &T ee 4 2 

a a a 17 5 a 0 a cig 4 l 
Aluminum & Its Alloys, T4....... 17 5 High Alloy Steels (cast), Aged 48 
Nitriding Steels, H & T (1250 F).. 17 — Se ee 4 — 
Martensitic Stainless Steels, H & T 16 14 se tae oka chee 5 faa bw ae’ 4 — 
Nickel-Chromium-Molybdenum Hard Rubber, GP................. 3 l 

Steels (86xx, 87xx), H & T (800 F) 16 5 isin hc ivavwmnneiee 3.0 0.5 
Stainless Steels (cast), Ann.... 16 2 Magnesium Alloys (cast), Sol’n Tr 
Polyvinyl Chloride, Rigid. .... 15 10 a 3 2 
Polyvinyl Chloride Film, Rigid 15 10 Vanadium, CW.......... ' 3 — 
Free-Cutting Steels, CD... 15 5 Aluminum Alloys (cast), Sol’n 
Beryllium Coppers, CW-....... 15 5 | Eee 2.8 2.2 
Semi-Red Brass (cast), Leaded 15 2 ded pein dass 2.8 0.9 
a dc cedscss chive soins 15 — Hard Rubber, Cmi Res.... 2.] — 
Nitrided Steels, H&T....... 15 Hard Rubber, High Ht Res. .. 2.6 — 
Leaded Naval Brass, Half Hard 15 Hard Rubber, High Dielec Str 2.6 — 
Molybdenum Steels, H & T. 14 ] Inconel (cast), Ann. & Aged 2.5 1.5 
Tin Bronze (cast), High Leaded 14 6 Monel (cast), Ann. & Aged 2.5 1.5 
Age Hardening Stainless Steels, Nickel Silvers, Extra Hard 2.5 0.5 

Aged.. ; 14 4 NL oven ane hae 6e8 Ki 2.5 0.5 
Titanium Alloys, Ann.. eee 14 | 4 Is 5 cn ntecaaehve sats ; 2.5 — 
Tin-Base Babbitts (die cast) Nh ae 13 9 Polymethylstyrene............... 2.3 0.2 
Nickel-Chromium-Molybdenum Po Seer 2 2 

Steels (43xx), H & T (800 F)..... 13 l Mod Polystyrenes, Ht & Cml Res. . 2 l 
Aluminum & Its Alloys, H34...... 13 l Haynes Stellite 21, Aged 50 Hr 
Titanium Alloys, Ht Tr.......... 13 - eee 2 — 
Re Se bear 13 | — Polystyrenes, GP................ 1.9 0.5 
Nodular & Ingot lrons............ 12 12 Hard Rubber, Low Moisture Abs 1.8 — 
Manganese-Silicon & Manganese- Rubber Phenolics................. 1.5 0.8 

Nickel-Chromium-Molybdenum Palladium, CW............ Nines 1.5 

Steels, H & T (800 F)......... 12 30 Cs ss skh tans sree 1.2 0.3 
Low Alloy Steels (cast), H&T..... 12 8 SS ee l l 
Aluminum & Its Alloys, H18...... 12 3 Zinc Alloys (chill cast)............ l _ 
High Carbon Steels, H& T......... 12 2 A eee l _ 
Magnesium Alloys (forged)........ ll 4 Hard Rubber, High Arc Res........ l _ 
Magnesium Alloys (cast), Sol’n Tr... 1] l Polystyrene, Glass Fiber-Filled..... 0.87 0.13 
RMI os vc dedidcveccscccs 10 9 Melamines, Fabric-Filled.......... 0.7 0.1 
Aluminum & Its Alloys, H38....... 10 5 eS 6 cn av bidnecea es bs 0.6 0.2 
Aluminum Bronzes (sand cast), Melamines, Cellulose or Mineral- 

H & T (1000-1150 F)............ 10 5 ace tie cas Sie sxe. 0.45 0.15 
Duranickel, AgeH................ 10 5 Phenolics, Shock & Ht Res......... 0.38 0.19 
Phosphor Bronzes, Hard........... 10 3 .. Serres 0.31 0.22 
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Comparisons of Materials 


Hardness of Metals and Ceramics’ 





























Material Average | Range, + Material @ Average Range, + 
Boron Carbide. . . 2800 Knp - gd | oe 220 80 
Titanium Boride..... 2720 Knp — I ee 220 — 
Silicon Carbide... ... 2500 Knp_ | ~ Nickel-Chromium-Molybdenum 
Titanium Carbide................ 2460Knp | — Steels (43xx), Ann............. 210 27 
Beryllium Carbide............... 2300 Knp_ | — Medium Carbon Steels, H & T 
a A99 | _- aS 210 3 
Tungsten-Titanium Carbide A93 _- Low Expansion Nickel Alloys, CW... B101 2 
Zirconium Carbide............... 2090 Knp_ | — Martensitic Stainless Steels, Ann... 200 55 
Tantalum Carbide................ 9-++ Mohs ~- Manganese Steels, Ann............ 200 22 
Tungsten Carbide................] 1880 Knp -- Molybdenum Steels, CD & Ann.... 200 22 
Columbium Carbide.............. 1880 Knp ~ Medium Carbon Steels, CW....... 200 19 
Chromium Carbide............... A89 | — High Carbon Steels, Ann.......... 200 19 
ert ree 9 Mohs | - Cast Stainless Steels, Ann......... 200 8 
Alumina Ceramics............... 9 Mohs | ~ Nickel Silvers, Hard.............. B99 — 
Zircon Ceramics.................. 8 Mohs ~ Free-Cutting Steels, CD........... 190 40 
a ee 7.5 Mohs 0.5 | Nickel Steels (HR)................ 190 35 
yg ik beacaesbedid evan 7.5 Mohs -- High Alloy Steels (cast)........... 190 29 
EEE a ee 7.5 Mohs -- Medium Carbon Steels (HR)....... 190 24 
Polycrystalline Glass............. 7.5 Mohs -- Nickel-Chromium-Molybdenum 
Molybdenum Disilicide (hot Steels (86xx, 87xx), Ann......... 190 23 
SO. oh ss Vcd cy 9-0 & A84 4 Stainless Steels (cast)............ 190 21 
Standard Electrical Ceramics 7.2 Mohs 0.2 | Nickel Steels, Ann................ 180 29 
ce 7 Mohs - High Alloy Steels (cast), Ann....... 180 -- 
aE ee 7 Mohs | - Pearlitic Malleable lrons.......... 170 12 
Molybdenum Disilicide (cold Carbon Steels (cast), Norm. & T... 170 7 
OE ORES nee eee C57 ; = EN IEE 170 - 
Manganese Steels, H & T (800 F).. 450 63 Ferritic Stainless Steels........... B93 2 
Nickel-Chromium-Molybdenum Nickel Silvers, Extra Hard......... B93 2 
Steels (43xx), H & T (800 F).... 440 5 | See B93 _ 
RS hac avy caahdasda sss 6 Mohs -- ee ee B92 6 
Stainless Steels (cast), H&T...... 430 40 Aluminum Bronzes (sand cast)..... 160 37 
Alumina Cermets................. C46 9 Low Expansion Nickel Alloys, Ann... 160 13 
Nitrided Steels, H& T............ 410 — Iridium (cast)......... a 160 -- 
WINS oo Sncx as usin abe ves C42 5 Chromium-Manganese Stainless 
Beryllium Copper, CW & Ht Tr..... C41 3 a B90 ~ 
Martensitic Stainless Steels, H & T 380 200 Yellow Brass, Hard...... C4 a B90 — 
Molybdenum Steels, H & T (1000 F) 380 150 Manganese Bronze, Half Hard...... B90 — 
Chromium-Vanadium Steels, H & T Nickel Silvers, Hard.............. B88 3 
TE ae 380 66 Austenitic Stainless Steels, Ann... . 150 5 
Age Hardening Stainless Phosphor Bronzes, Hard.......... B86 ll 
ee 350 40 Low Carbon Steels, CW........... 140 25 
High Carbon Steels, H & T (700 F).. 350 40 ee 140 — 
| 350 | -- Ee ee 3.5 Mohs 0.5 
~ See a. Ferritic Stainless Steels........... B83 7 
Inconel (cast), Ann. & Aged....... 340 40 Low Brass, 80%, Hard............ B82 — 
Monel (cast), Ann. & Aged........ 340 40 Cartridge Brass, 70%, Hard........ B82 — 
Duraniekel, AgeH................ C35 5 Naval Brass, Half Hard............ B82 _- 
Nickel-Chromium-Molybdenum Vanadium, Ann..................- B81 — 
Steels (86xx), H & T (800 F)..... 330 89 Yellow Brass, Hard............... B80 — 
Low Alloy Steels (cast), H&T..... 320 82 Standard Malleable Irons.......... 130 17 
SS 320 65 8 ES eee 130 8 
Age Hardening Stainless Aluminum & Its Alloys, T6........ 130 — 
0) ee C33 8 8 ES ee B78 -~ 
Inconel, Ann. & Age H............ C33 4 Red Brass, 85%, Hard............ B77 — 
Titanium Alloys, Ann.............. C32 6 Muntz Metal, Half Hard........... B75 _ 
Nitriding Steels, H & T (1200 F).... 290 32 Low Carbon Steels (HR)........... 120 21 
a St 4.5 Mohs -- Aluminum & Its Alloys, T4........ 120 15 
a C30 -- EE re 120 15 
re C29 5 Carbon Steels (cast), Ann.......... 120 _ 
an 260 120 Commercial Bronze, 90%, Hard..... B70 _ 
High Carbon Steels (HR).......... 260 29 Aluminum Alloys (cast), 
0 Se ee 240 110 Sol’n Tr & Aged................ 115 25 
Austenitic Stainless Steets; €W--.-.f--~~ 240 — Austenitic Stainless Steels, Ann... . 110 35 
ee a a ae 230 65 EE re 110 20 
High Alloy Steels (cast), Aged 24 Aluminum & Its Alloys, T3........ 110 12 
Se ee 230 42 Palladium, CW................... 110 — 
Nickel Steels, CD................. 230 29 Zirconium, Ann................... B66 25 











* Values are Rockwell when preceded by letter scale, Mohs where indicated, Knoop when designated Knp; all other values are Brinell. 


The relative placement of values from different tests is only an approximation. 
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Hardness of Metals and Ceramics—concluded 








| Range, -+- 























Material & Average Material & Average | Range, + 
Gilding, 95%, Hard............. B64 — rer 55 42 
Wrought Iron (HR)............... 105 a Magnesium Alloys (cast)......... 54 21 
Nickel Silvers (sand cast)......... 100 50 Tin Bronze (cast), High Leaded... a 18 
BI MIs nonce scivcccesen 100 50 Aluminum & Its Alloys, H18 afi 49 6 
a E100 — 5 cater uvs sua ees 46 —- 
0 ee E95 Nickel Silvers (sand cast)....... H79 ] 
Aluminum & Its Alloys, T72....... 95 — ee 45 7 
A ee ere B59 5 Aluminum & Its Alloys, Ann...... 44 21 
Beryllium Coppers, Ann.......... B57 8 a feveeewxetaneecss F40 — 
Zinc Alloys (die cast)............ 86 4 i i ec td dy basi 42 5 
ee ee ree B50 -- 0 ee 42 - 
rer 83 _ Aluminum Alloys (cast).......... 40 30 
Aluminum & Its Alloys, H38....... 81 | 18 Aluminum & Its Alloys, H14...... 36 4 
Eg iveaiusckaiass 2 Mohs | — Ee ere 33 — 
Muntz Metal, Ann................. F80 -- Rr rere sans 30 5 
Copper, Half Hard................ B40 -- Ns ahd in abhi hae AMS 25 _ 
Tin Bronze (cast), Leaded......... 70 10 i a, add 23 - 
MO I, TEPID i osc odkectsacases 70 10 Tin-Base Babbitts (chill cast)..... 22 5 
Columbium, Ann................. E80 —- Lead-Base Babbitts (chill cast)..... 21 ] 
Aluminum Brass, Ann............ F77 -- White Metal (cast)............... 20 — 
Admiralty Metal, Ann............ F75 —— White Metal, Ann................ 17 — 
ee 69 — a ree 13 — 
Magnesium Alloys (forged). ...... 58 11 Hard Lead Alloys (chill cast)...... 11.2 4.2 
Red & Semi-Red Brass, Cast Hard Lead Alloys (extr).......... 8.7 3.7 
ne sand 58 8 Hard Lead Alloys (rolled).......... 7.7 1.8 
ROE ae 58 _ Sere 7 _ 
Magnesium Alloys (cast), Sol’n Tr. 57 | 6 Tellurium Lead (extr)............. 6 — 
| as 56 | 5 Grade A Tin (as cast)............. 5.5 | 0.5 
are E60 -- Soft Lead (chill cast)............. 42 | _- 
Hardness of Plastics and Rubber? 
Material @ Average | Range, -+ Material & Average | Range, + 
ROCKWELL HARDNESS a eee R120 | - 
we oa a Polyvinyl Chloride, Rigid.......... R118 | 2 
SRA ey eer ere M118 2 Polycarbonate...... » she R118 — 
Ere eee M117 8 a na nesuen wont’ R118 ~- 
SR ere M114 6 Polytrifluorochloroethylene....... R112 3 
Phenolics (cast), Mech & Cml...... M106 14 ree R111 7 
Phenolics, Shock & Ht Res......... M106 14 Phenolics (cast), Transparent...... R109 | 11 
SS ee M105 13 Cellulose Nitrate Sheet............ R105 10 
i, See M105 5 Ethyl Cellulose................42. R95 | 25 
| M104 4 Polypropylene.................... R90 | 5 
Plastics Laminates................ M98 23 Cellulose Acetates................ R86 37 
Phenolics (cast), Decorative........ M97 8 Cellulose Propionate.............. R70 50 
eee M92 13 Nylons, Soluble.................. R64 | 19 
ete. oo. ts ak ned M91 12 ——_—__——!—______— — 
Polyesters (cast), Rigid............ M90 25 DUROMETER HARDNESS 
Nylons, Glass Fiber-Filled......... M90 5 od — 
Silicone Plastics, GP.............. M89 -- Hard Rubber, High Ht Res......... A89 3 
Polystyrene, Glass Fiber-Filled..... M85 5 Hard Rubber, Low Moisture Abs... . A88 4 
a | M85 Hard Rubber, Cml Res............ A87 3 
Mod Polystyrenes, Ht & Cmi Res... M83 5 SS re A82 5 
Polymethylstyrenes.......... caeen M79 4 Polyvinyl Chloride, Nonrigid....... A75 25 
Polystyrenes, GP................. M75 10 Styrene-Butadiene Rubber......... A65 25 
Rubber Phenolics................. M65 25 | Ere A60 | 30 
Vinylidene Chioride............... M57 8 Ne is vodcck aware eas A60 | 20 
Mod Polystyrenes, High Impact... . M55 25 Polyvinyl Alcohol................. A55 45 
Silicone Plastics, High Impact...... M45 — Ry isc ccs pdnckcesecwns D58 13 





























* In the first part of this table materials are listed in order of decreasing Rockwell hardness on two scales (M and R) which, though 
separated here, actually overlap to some indeterminate degree; in the second part of this table materials are listed in order of de- 
creasing durometer hardness. No relationship between the two parts of the table is implied. 
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Comparisons of Materials 


Creep Strength of Metals 








Stress (1000 psi) for 0.01% Creep per 


Stress (1000 psi) for 0.1% Creep per 














































































































































































































— Form, Condition 1000 Hr at Indicated Temp (F) | 1000 Hr at Indicated Temp (F) 
| 
| | | 
Up to 800 F 300 | 400 | 500 | 600 | 800 | 300 | 400 | 500 | 600 | 800 
NONFERROUS METALS 
ST Wrought (annealed)...] 3-8 | 15-5 0426] —| —| — | — _ a 
Nonleaded Brasses..........| Wrought (annealed).../0.9-19| 2-11 | 0.3-23 25 5-9 1-2 a — 
eee Wrought (annealed)...} 14-23} 5-10 2-5 —{/—] — ~~ = — —_ 
Cupro-Nickel............... Wrought (water | | 
quenched, aged). ..} 25-40) 15-30 | 830/ —| —| — | 2 | 13 “ - 
Aluminum 2024-T...........| Sheet............... o2 , 44 — _ — — — |; — — _ 
Aluminum 7075-T........... Sere Bim ft — le] =] = fH] = me oe 
Titanium (commercial). ..... Sheet (annealed)... ... — | 3 | ° 2i;wi — sane | _ oe _ 
| | 
Above 800 F 100 | 1100 1200 1500 | 1600 | 1000 | 1100 | 1200 | 1500 | 1600 
CARBON AND LOW ALLOY STEELS 
Low Carbon Steel........... | Wrought, Cast........) 18 | — 01 {| —| —/335 | — 0.5 -- — 
Carbon-Molybdenum Steels... Wrought, Cast........ j7 | 3 1 — | —| Oa] 6 2 - - 
Chromium-Molybdenum 
Steels (0.5-3%).......... Wrought, Cast........] 6-12| 2-4 125; —| — | 10-20 | 3-8 2-4.5 — = 
Chromium Steels | | 
Eo ae Wrought, Cast........ 6-7 | 2.5-3.5 1-2 -- _ 8-11 | 56.5 2-3.5 — | — 
he” og eebigas om Wrought, Cast........) 5-9 | 2.54 1-2 -— -- 8-12 | 46 2.5-3 -- -— 
STAINLESS STEELS 
Martensitic Chromium Steels | | | | | | 
(403, 410, 416, 420)....... Ee 8 3.5 1.3 _ | — | 952 | 42 | 2 ~- -- 
Ferritic Chromium Steels | | | 
(405, 430, 440)........... DE (ontudcasees 42-7 | 2.34.5 (10-16); — | — | 6-8.5| 3-5 1.5-2.2 _- — 
Nickel-Chromium Steels | 
SOS, GIG, SEE, . FOF. . 00.00. Wrought......... 12-17 | 7.5-11.5 | 4.5-7 1-2 | - | 17-25 | 12-18.2} 7-12.7 | 1.2-2.8 ~- 
al Maivnvseass 454ka04 re — -- 4 0.5 | — | 15.9 bow 8 1.0 -- 
eee ee 17 13 | 8 er. | 17 13-14 9 1-2.5 — 
CORROSION RESISTANT CASTING ALLOYS 
lron-Chromium Alloys 
Es th ss kbde nana’ Per ~ ~~ -- -- — _ -- _ 1.2-3.5*| 0.7-1.9 
lron-Chromium-Nickel Alloys | _ 
(HE, HF, HH, HI, HK, HL)..) Cast................ -_- — — -- -- _- — _ 3.5-7« 2-4.3 
Nickel-Chromium Alloys 
(HT, HU, HW, HX)........ ies oe ee ae i es ~ 6-8.55| 3-5 
HIGH TEMPERATURE ALLOYS 
ES 2k 454 CANGR i Rnh-o'd civ’ snacks EM GEES -- - _- - — _ -- 64 12.3 9.0 
NE eves dite o05 vss sa ene icathses bax’ —_ — — — — — — 20 7.1 _ 
GS Sinn S68 ao knwedvictenenn semen das -— _ — — — — — —_ a 2.4 
as BOR sav seuess en dagdeencategad — _ — — — — — 18.4 10.3 _ 
en re are eer — — — — — — — 42 11.5 5.8 
*At 1400 F. bAt 1350 F. 
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Stress-Rupture Strength of Metals 





Stress (1000 psi) for Rupture in 100 Hr 


Stress (1000 psi) for Rupture in 1000 Hr 






































=" Form, Condition at Indicated Temp (F) at Indicated Temp (F) 
| 
| | 
Up to 800 F 300 400 | 500 | 600 | 800 | 300 400 | 500 | 600 | 800 
NONFERROUS METALS 
SSS Se | Wrought (annealed)...} 22-25 | 20-24 | 19-21 | 15-19 - ~ _ 
Nonleaded Brasses...........| Wrought (annealed)...| 34-50 | 26-35 _- 28-46 | 18-25 -- - ~~ 
Ge ee Wrought (annealed). 57 36 50 30 - — ~ 
Aluminum Alloys 
ae s ach Fae See ~ — 37 19 -— -- 
Se | oneet...... - 20 9 ~ - — 
Titanium (commercial). . . Sheet (annealed). . . 45 20 44 32 16 
Titanium Alloys 
4 Al-4Mn...... 110 95 46 
5 Al-2.5 Sn 76 - 65 58 
8 Mn 100 9] 26 
| 
Above 800 F 1000 | 1200 | 1400 | 1500 | 1600 | 1000 | 1200 | 1400 1500 | 1600 
CARBON AND LOW ALLOY STEELS 
Low Carbon Steel............| Wrought, Cast....... 15 5 1.5 ~- — 10 2.8 0.7 — _ 
Carbon—-Molybdenum Steel 
8 ee | | are 32-37 | 8 : — — — 
Chromium-Molybdenum Steels 
(0.5-3%). . Wrought... 28-40 | 10-13 , 24-39/ 48 | 0510) — | — 
Chromium Steels , 
4-6%.. Wrought 23-30 | 4-9 2-3 |1.5-2 18-20 | 5-7 1.8-2 0.7-1 — 
Pee Wrought...... ~— 10 3 2 - — | 6 | 2 1 | — 
STAINLESS STEELS 
Martensitic Chromium Steels 
(403, 410, 416, 420). Wrought . “ 38 | 3} — - - 
Ferritic Chromium Steels (405, | | 
eee | Wrought......... | — | 3s | 3° | ~- — — 
Nickel-Chromium Steels | | | | 
304, 316, 321, 347.........| Wrought.............] 48-55 | 22-29 6-7 -- 38-40 | 18-22; — 3.8-4.4 — 
ns Secor eucke ee —- | & — | 835 -- — |} 20; — 48 — 
ik isin uedencs | Wrought.............) 38 | 2 | — | WW -— | Sei 5 _ 
CORROSION RESISTANT CASTING ALLOYS 
lron-Chromium Alloys (HC, | 
SS a ee Cast. -- -- 310); — |155 | — — | 2 -- 1.2 
lron-Chromium-Nickel Alloys | | | 
(HE, HE, HH, Hi, HK, HL)...| Cast............... | 30-35 | 10-15 ae ee tt | 8-10 — |3.5-5 
Nickel-Chromium Alloys (HT, | | | | | | 
. re I ane oh hans on — | — |10-18; — | 685) — -— | 7.5-12.5); — 4-7 
HIGH TEMPERATURE ALLOYS 
EI Sa eS rr ee 115 | 80 | 42 | 30 | ll | 110 | 55 33 18.5 | 6.6 
MRT SULT Len cc deish santeiecis ies. terns, — | 0 | 2} 13 | — | — | 40 | 165 | 05 | — 
BENS MEinsantac ae nrite titties, — |} 8 }/—-}] 56 | — | —]}] Bo} — 95 | — 
CS 5 cereiecedrress *h hadkoks we terinis eA ao’ ae Se 25 CaS a. 10 6 
i» Jehan pndyeks divetadih sesaleecokel | J | | — 
OSE Pron? trey | | | 10 
AE Earns ORIEL tA | | 11 















































*10,000 hr. 
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Comparisons of Materials 


Effect of Radiation on Metals 











































EFFECT ON HARDNESS 












































































































































































































Material Material 
) Radiation oo Radiation yoy 
Initial Exposures Hardness Initial Exposures Hardness 
Type Condition Brinell Type Condition Brinell 
Hardness Hardness 
656 5 +84 
CARBON STEELS 410 Malcomized 688 7 0 
739 8 0 
Annealed = I + 
156 +12 Annealed 277 P +54 
431 Hardened 371 29 
1018 Hardened 241 ; 46 cose = 
545 5 0 
Annealed 138 2 +23 
Hardened 237 +6 Hardened 461 . +73 
440C 388 +27 
Annealed 201 l +6 _ 
236 +34 Malcomized 577 7 +223 
1042 Hardened 430 1 +14 Anneated 185 : +438 
442 Hardened 200 +-50 
Annealed 225 , — 38> —_— , 
Hardened 390 +36 Annealed 315 6 +162 
Annealed 187 0 415 6 35 
1045 Hardened 514 : —1Ade are be 
“ 17-4PH aie 403 29 
Annealed 297 : +14 477 . 7 
Hardened 542 +8 
1095 Malcomized 740 6 +80 
Annealed 290 2 +25 
Hardened 535 0 
ey NICKEL AND ITS ALLOYS 
Annealed 195 , +22 > 
1113 Hardened q 190 +9 Nickel A Annealed 64 10 +73 
Annealed 220 +35 228 132 
1141 Hardened 421 , +9 Cast 170 il He 
STAINLESS STEELS Hastelloy C 255 10 +30 
Wrought 209 12 0 
Annealed 131 4 0 256 13 +19 
304 Malcomized 654 5 +156 
150 12 +59 
309 Annealed 152 ‘ 46 — | Monel Annealed 157 13 423 
’ Annealed 143 4 0 , 260 12 +25 
As Received 955 13 +10 
316 Annealed 154 5 +74 K Monel 
Cold Worked 226 +59 Annealed 148 6 +32 
Hardened 341 0 
329 Annealed 158 6 0 
: 175 12 +65 
Annealed 152 4 0 Inconel As Received 180 13 +48 
347 Annealed 183 6 0 
Malcomized 656 7 0 209 12 +56 
Inconel X Annealed 919 13 4.28 
Annealed 153 6 +22 
347 (Cb+Ta)| Shot Peened 153 +15 
* 1 = nvt (integrated thermal flux-product of flux and exposure time) 7 = nvt of 10'* slow; dry exposure. 
of 1 x 10!* slow at 450-500 F. 8 = nvt of 5 x 10!9 slow and 4 x 10!9 fast. 
2 = nvt of 2 x 10! slow and 7 x 10!8 fast at 70-140 F 9 = nvt of 4.4 x 10!* slow in 540 F flowing water. 
3 = nvt of 3 x 10?° slow and 1 x 10?° fast at 70-80 F. 10 = nvt of 1 x 10'9 slow in 400-500 F flowing water. 
4 = nvt of 1.2 x 10!* slow in 400-500 F flewing water. 11 = nvt of 4 x 10!9 slow and 5 x 10!9 fast. 
5 = nvt of 3.7 x 10?° slow and 5.1 x 102° fast at 70-80 F. 12 = nvt of 5 x 10!9 slow and 4 x 10!9 fast at 70-140 F. 
6 = nvt of 3 x 10!* slow in 540 F flowing water. 13 = nvt of 4 x 10!9 slow in 540 F flowing water. 
>No explanation for decrease in hardness values. eDecrease in hardness due to corrosion products caused by leaking container. 
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EFFECT ON TENSILE PROPERTIES 








| Radia- 





Chg in Properties 






































EFFECT ON DENSITY® 





Material 


Avg Chg in Density 
After Irradiation, % 








Type | Initial Density, 
| Ib /in. 

Stainless Steels | 

Ta; aap —0.06 

ae h)|—lCw —0.09 

347+-Ta.......] 7.942 —0.04 

ES ig 58 ies ae ee —0.05 
Nickel A......... | 8.894 —0.07 
Monel.......... | 8.836 —0.05 
Cobalt Alloys 

seeee 3.......| 8.850.......... +0.06 

Stellite 6....... i: wee +0.11 
Carbon Steel 

(SA-212).......| 7.850... 0 





»Radiation exposure: nvt of 2 x 102° slow and 3.5 x 10!9 


fast at 70-140 F. 


EFFECT ON ELECTRICAL RESISTIVITY 





Material 


Avg Chg in 
Elec Res 
After Irradiation 



































Material After Irradiation 
¢ . Seer _ | tion a5 as 
| | Ex- | 
Ten Elong | posure} Ten | Elong, 
Type |; Condition Str, (2 in.), St, | &% 
| | 1000 psi| % 1000 psi | 
STAINLESS STEELS 
304 Annealed »| 92 | 71 +1 | <2 
309 Annealed b | 95 54 l +4 | -—3 
316 Annealed > | 90 70 l —l | -3 
347 Annealed > 99 56 1 +4 | -2 
316 Annealed «| 79 - 2 +71 -. 
410 Malcomized « » | = 3 +3 | =— 
4400 Hardened < 205 — 3 +35 | — 
NICKEL AND ITS ALLOYS 
Nickel Wrought &| 65 | 45 1 +4 —l1 
ce Oe re eee 
Monel AsReceived «| 986 | 32 | 45 ~3 
e| 85 33 5 Hit. | ~«2 
: | ewe PS a ee SSE 
1) 210 ~ ‘ -15 | — 
e 125 10 +8 +9 
K Monel | As Received =|——— a 
‘| 2u1 _ . +15 | = 
‘ 123 ll +11 | —8 
| ‘ml |. beet b= 
e| 107 30 +6 —| 
Inconel | As Received : - 
‘| i. |] - ; +21 _ 
e| 1066 | 31 | +10 | -2 
1} im | — P +24 | — 
i 128 36 +ll1 | —-1l 
Inconel X | As Received | --- —-=- a 
| 174 - 5 +29 — 
©} 126 | 37 +7 | —14 
| Cast e| 80 | oud yar >? oe 
b 139 53 1 +3 —11 
d 198 — 4 —7 _~ 
Hastelloy C | Wrought e 140 20 4 —3 +16 
¢ 138 20 5 +4 —8 
ad} 198 _— +22 — 
HIGH DENSITY MATERIALS 
Tantalloy 136 29 6 +29 —15 
Tungsten Bie inte 152 0 6 —35 0 
ae | oor 68 21 6 +18 | —4 
Tantung G 72 5 6 --3 —1 





*l = nvt of 1 x 10! slow in 400-500 F flowing water. 
2 = nvt of 3.7 x 10? slow and 5.1 x 102° fast at 70-80 F. 


3 = nvt of 4 x 10!9 fast. 


4 = nvt of 4 x 10!9 slow in 540 F flowing water. 
5 = nvt of 5 x 10! slow and 4 x 10!* fast in cooling water at 70-140 F. 
6 = nvt of 1 x 10! slow and 5 x 10'® fast (estimated). 


>Flat specimens. 
*Unnotched specimens. 


eSubsize round specimens. 






4Notched specimens. 
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Type | Initial Elec Res 
Stainless Steels | 
eee | 80(28.0C).... 
Se 79 (27.5C).... 
Pe 77 (28.4C)... 
ae 75 (26.2 C)... 
Nickel A........ 9(27.0C)... 
Hastelloy C.......| 126 (26.2 C)... 





+0.2 (27.8 C) 
—2.1 (27.0 C) 
+1.01 (28.4 C) 
-+-0.44 (27.3 C) 
—0.17 (27.2 C) 
+-7.30 (27.8 C) 
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Sources of Data 












Many of these compilations are 
entirely new. Others have been 
published previously in this 
magazine, particularly in the 
1957-58 Materials Selector. Most 
of the older compilations have 
been revised to a greater or 
lesser extent. Collecting new 
data and up-dating old compi- 
lations required the aid of many 
individuals and organizations. 
We gratefully acknowledge their 





Are Your Test Results Accurate 



















TENSION TEST 
























assistance. Although it would be ON PLASTIC FILM STRESS — STRAIN 
impractical to list all who con- - i eee 
tributed in one way or another, 0127" 125 MAGNIFICATIONS IN./IN, 


we acknowledge particularly the 


assistance of the following: , 


~+|.008 "/"-- EXTENSION 
STRAIN VALUE DIRECT 


i 
———} 
| 


Acme Steel Co. 

Allegheny Ludium Steel Corp. 

Aluminum Assn, 

American Felt Co. 

American Hot Dip Galvanizers Assn. 

American Iron & Steel Inst., Committee of 
Stainless Steel Producers 


& STRESS _ 8200 PS.I. 
ASTRAIN 0127" 


= 683,000 PS.I. 





MODULUS= 











20.5% OF 6Olbs.=12.3 Ibs. 


+-— 8200 PS.1. 


























































American Lava Corp. Ls 
American Metal Climax, Inc. * we 
American Smelting and Refining Co. ae » - om 
American Society for Testing Materials . p | AY W t h 
American Welding Society ‘ ie i e S e C { a t 
Battelle Memorial Inst. Ee 
Brass & Bronze Ingot Inst. ‘ E Oo Ae T ; RZ gS Hy t ec 
Brush Beryllium Co. 4 
Budd Co. i - 
Carborundum Co. 
Continental Diamond Fibre Corp. e m rs | t Se r I rs | i S Cont 
Continuous Metalcast Corp. on \ 
Copper & Brass Research Assn. Nick 
Corning Glass Works stan 
Dow Chemical Co. wt oo 
du Pont de Nemours, E. I. & Co., Inc., Poly- a 7 a 9 ‘ 7 ros 
chemicals Dest. ae i : he Olsen XY ElecSmatic is the ONE testing machine that 
arene ta george ma produces frue stress-strain curves with such low tensile ma- 
Felt Assn. terials as non-rigid plastics, films, metallic foils, fibres, rub- 
Firth Sterling, Inc. ‘ - 
General Bronze Corp. ber, fine wire, etc. Using exclusive Olsen counterbalanced 
General Electric Co., Chemical Materials Dept. 4 ° . . ° ‘ ‘ 
Sooarel Geistete Go. Chemical and Metal. instrumentation, an extensometer is attached directly to the specimen without a 
Bang beg j impairing it or imposing any external load. 

assall, John, Inc. E - ¥ . . ” 
Haynes Stellite Co., Union Carbide Corp. Strain (not time or crosshead motion) is recorded in terms of actual deforma- | 
eli-Coil Corp. > Be. ti . p ‘ . ; 
Hercules Powder Co., Cellulose Products Dept. tion in inches per inch between gauge points on the specimen itself. Thus, the 
Hoeganaes Sponge Iron Corp. . . ss ' : . — Pres 
a ion tee inaccuracies of ‘‘calculated”’ strain based on crosshead motion are eliminated. able 
emi = Co., Inc. Fundamental engineering data can be obtained from Olsen XY Elecdmatic curves — 
enn , Inc. 3 aoa z 
LaSalle Steel Co. with full assurance of accuracy and reproducibility at temperatures from —85°F. bro 
Magnesium Electron, Inc. ° thro 
Manufacturing Chemists’ Assn. to 2000°F. 


Metal Powder Industries Federation 


Metallizing Engineering Co. és * 

ihamieita Wiien & ite. Co. ARE YOUR TEST RESULTS ACCURATE? 

poor aa of America ... an informative brochure on low capacity 

Owens-Corning Fiberglas Corp., Textile Prod- testing is awaiting you. Write for your copy 
ucts Div. today. 


Presmet Corp. 
Protective Coatings, Inc. 


Reinhold Publishing Corp. Positive, infinitely variable testing speeds, 





Rubber and Asbestos Corp. unlimited stroke, plus all the flexibility of a 
Society of Automotive Engineers, Inc. built-in XY Recorder . . . the XY ElecSomatic is 
Society of the Plastics Industry, Inc. a truly Universal Testing Machine. All scale 
Synthetic Mica Corp. ranges are calibrated, sealed and ready for 
Taylor Instrument Co. instant use . . . and the range can be changed 
Thermosen, Inc. during test with a flip of the Selecérange switch. 


Thomson, Judson L. Mfg. Co. 
Vanadium-Alloys Steel Co. 
Wall Colmonoy Corp., Stainless Processing Div. 


In addition, Olsen offers a complete line of 
instrumentation and testing tools. 


TINIUS OLSEN 


TESTING MACHINE COMPANY 





Corrections and additions: In compil- 
ing a data section of this nature it is 
impossible to avoid errors. Also, space 
limitations prohibited us from making 
this section as complete as we wish to 
make it. We will welcome your cor- 
rections and additions for future 














editions. Please address Data Editor, 2010 EASTON ROAD * WILLOW GROVE, PA. 
MATERIALS IN DESIGN ENGINEERING, Trademark 
Co FS Sat, New Tee £0, N. ¥- Reg. U.S. Pat. OM, Testing and Balancing Machines 







For more information, circle No. 61! ? 
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Nickel and Nickel-Base Alloys 
(40 pages, cat. #T-13) 


Discusses applications of var- 
ious nickel alloys for con- 
struction of corrosion-resisting 
equipment. Gives chemical 
compositions, data on phys- 
ical constants, mechanical 
properties, corrosion resist- 
mn, ance. 


vee seveneeriewas arenes company sae 


Nickel and Its Alloys 
(88 pages, cat. #250A) 


Reviews information about the 
occurrence, recovery and re- 
fining of nickel ores, and the 
properties and uses of high- 
purity and commercial forms 
of Nickel. Gives properties 
and industrial applications of 
important nickel-containing al- 












NICKEL ead 
WICHEL-BASE ALLOYS 


Retr Pee am the Beetge of Corrente 
(Damen Mew hemes Ant Bpmige ns 


LITERATURE 
+ON 
MATERIALS 





























Stainiess 

Steel in 
Product Design 
(40 pages, 
cat. #204A) 










































it gives useful engineer- 
ing data on the fabrica- 
tion, mechanical, heat- 
resisting and corrosion- 
resisting properties of 
stainless steels. IHlustra- 
tions show applications. 





Engineering 
“an | Properties of 

Nickel 

(23 pages, 

cat. #T-15) 











Contains technical data 
on wrought and cast 
Nickel—its physical con- 
stants, mechanical prop- 
erties, resistance to cor- 
rosion. 


Engineering 
Properties and 
Applications 
of Nickel 
Cast Irons 
“ (28 pages, 
=" cat. #69A) 
Presents the many valu- 
able characteristics of 
modern alloyed cast irons 
and illustrates their 
broad acceptance 
throughout industry. 

















CUGINECERING PROPERTIES 
ow 





Engineering 
montt as “a” woxr, | Properties of 
Monel 

(31 pages, 
cat. #T-5) 














Gives physical constants, 
minimum mechanical 
properties in standard 
forms and sizes, data on 
its resistance to acids, 
salts, alkalies and or- 
ganic substances. 


Applications 
of “‘Ni-Vee"’ 
Bronzes 

(28 pages, 
cat. #207A) 


This new booklet de- 
scribes the advantages 
that the five Ni-Vee 
nickel-tin bronzes offer 
as constructional parts, 
pressure castings and 
bearings. 


Standard 
Alloys for 
Special 
Problems 
(16 pages, 
cat. #2-B) 


Catalogs 18 Inco Nickel 
Alloys in problem-solving 
sections to facilitate se- 
lection of most suitable 
alloy for specific service 
conditions. 





The 
Properties of 
Heat-Treated 


Alloy Steels 
* (28 pages, 


name cen = «= «Cat. 351A) 


Contains new data, 
largely in the form of 
charts, on the properties 
of the more commonly 
used engineering steels 
containing up to 5% 
Nickel. 





Properties and 





Properties of 


“KR” Monel 
(27 pages, 
cat. #T-9) 











Gives data on these heat- 
treatable alloys which 
combine high corrosion- 
resistance with the 
strength of alloy steel. 
Has detailed information 
on physical constants, 
mechanical properties. 


Practical 
Nickel 
Plating 

(44 pages, 
cat. ##77A) 


Presents a technical 
source of information on 
the various concepts of 
nickel plating with em- 
phasis on the industrial 
phases. 





Wrought Nickel 





tucincraine Prorcetiss | Engineering 
wens Properties of 
Inconel 
(23 pages, 
cat. #T-7) 








Gives composition, phys- 
ical constants, and 
mechanical properties of 
heat-resisting Inconel. 
Discusses corrosion-re- 
sistance, working char- 
acteristics, and effect of 
temperature. 





Nickel-Aluminum 





Nickel- 
Aluminum 
Bronze 

(12 pages, 
cat. #133A) 


Bronze 


it ‘ i 











Describes properties of 
aluminum bronzes con- 
taining Nickel additions 
up to 5%. Nickel con- 
tributes strength plus 
resistance to corrosion, 
heat and wear. 


Some 
Properties of 
Inco Nickel 
Alloys at Low 
Temperatures 
(6 pages, 
cat. #120-B) 


Describes the properties, 
mechanical and physical, 
of various wrought and 
cast high-nickel alloys 
when exposed to sub- 
zero temperatures. 


Standard Alloys 


for special problems 
in designing equipment 
to withstand 
estructive service conditions 


loys. (Published by National 
Bureau of Standards, U. S. 
Dept. of Commerce.) 













tome. Nickel Alloy 
vf Steel Castings 
in Industry 
(32 pages, 
cat. #52) 


Data, classified by indus- 
trial fields, on properties 
and applications of cast 
nickel steels of the con- 
structional grades. 





Engineering 

Properties of 
’ Duranickel 

4 (22 pages, 

cat. #T-32) 














Has data on this age-hard- 
enable nickel-aluminum 
alloy which combines 
corrosion - resistance 
with the high hardness 
and strength ordinarily 
formed in heat-treated 
alloy steels. 








PROPERTIES OF | Properties of 
incoloy 
(7 pages, 


cat. ##99-B) 


INCOLOY 











Gives latest data on com- 
position, heat treating, 
machining and welding, 
and comparative facts 
about new Inco Nickel 
Alloy for high-tempera- 
ture use. 















































































Presents the results of 
20 year atmospheric cor- 
rosion tests on Nickel 
and Monel nickel-copper 
alloy conducted by ASTM. 


























Discusses factors affect- 
ing corrosion rate of 
Nickel and alloys in sul- 
furic acid, including acid 
concentration, tempera- 
ture, aeration, velocity, 
film formation and pres- 
ence of oxidizing salts. 











Summary of information 
on the corrosion-resisting 
characteristics of iron 
modified ‘90-10. cupro- 
nickel alloy in sea water. 














= ee FOOD 
Nickel Design ampere | ie —_— 
. iti « rr n- 

Nickel Containing AlyS) Containing of Nickel 2, | Resistance of 
Permanent Magnets Alloys for Magneto - Nickel and High 
Permanent striction Nickel Alloys in 
Magnets Transducers Food Processing 

— (16 pages, (44 pages, Een = (35 pages, 
cat. #16-A) cat. #209-A) cat. #T-28) 


Describes recent prog- 
ress in permanent mag- 
net alloys. Characteris- 
tics of the Alnico series 
of iron-nickel-aluminum 
alloys are treated in de- 
tail. Other permanent 
magnet alloys, too. 





This book was prepared 
to aid engineers in de- 


signing magnetostriction © 


transducers to meet their 
particular needs for op- 
eration at frequencies up 
to about 100,000 cycles. 





Presents results of stud- 
ies made to determine 
and compare suitability 
of various materials for 
equipment used in food 
processing. 














Discusses resistance of 
Nickel, Monel and other 
nickel alloys including 
nickel cast iron to cor- 
rosion by caustic soda. 
Contains service records. 








Heat Transfer 
Through 
Metallic 
Walls 

(24 pages, 











cat. #23-B) 


Tells how to properly es- 
timate overall heat 
transfer rates through 
metallic walls. Includes 
formulae for determin- 
ing heat transfer rates. 








AERONAUTICAL AGRICULTURAL ARCHITECTURAL 
High Nickel- THE BENAVIOR The Behavior — Mone 
High + < Containl . ook gee Weta See One! Expansign 
[ T F R AT U R fF Temperatures peratures ontaining NICHTL amo MoutL of Nickel an tn tovegs Trostment Mone | JOINS and ¥ 
Spur Use of Spur Use of Materials in ovrpoca armosparass| Monel in Outdoor Stops j tte 
Nickel-Bas® Alloys} Nickel-Base Tractors and Atmospheres Tre a Sewage 
ON Alloys Farm Implements (10 pages, ag Ont Plant 
_-—— = _ | (8 pages, (32 pages, een ae | CAE. HT-30) <r nn oe aa | C ere 
ste sae cat. ##254A) cat. ##2A) ae. 425-8) 
A P r a Cc AT 0) N > Summarizes properties This paper deals with the Summarizes results of Summarizes con strycs 
and applications of new properties of nickel alloy corrosion tests in Amer- and installation of — 
nickel-base alloys devel- steels and cast irons, in- ica and England on expansion jx “ — 
oped specifically for aer- cluding ductile cast iron, Nickel and Monel in ru- struction j ‘oe —_ 
onautical and other high- and their advantages for ral, suburban, industrial water stops the a? 
temperature uses. farm and garden con- and marine outdoor at- York Bowery B y Sew = 
struction. mospheres. Treatment Plant ” 
— Resistance of | ° ~~~" | Corrosion- — The Resistance | “——--=——== | Corrosion. 
mucin. eas | Monel, Nickel Aivass | Resisting rm moma « om | Of Nickel and _——s Resistance of 
Atmospheric anno usm commen | and High-Nickel Bours | Characteristics = | ps usoms commmmm | 'ts Alloys to a Cupro-Nickel 
Corrosion Alloys to = | Of Iron Modified » cave amas ~=6| Corrosion by Alloys Contain; 
Behavior of Some Corrosion by 90-10" Cupro- Caustic ee: 10 te 30% - ~ 
Nickel Alloys Sulfuric Acid Nickel Alloy 2 Alkalies (12 page _ 
(20 pages, ae (44 pages, : (20 pages, vesEer (23 pages, seal cat 190 
cat. #211-A) cat. #T-3) * cat. #170-A) cat. #T-6) *) 











Corrosion data gathered 
as the result of man 
tests on cupro-nicke| al- 
loys under stress and e;. 
posed to different corro. 
sive environments. 


FURNACE AND 
HEAT-TREATING 


Keep Operating 
Costs Down When 
Temperatures 
Go Up 

(18 pages, 
cat. #55-B) 


Describes how Inconel 
helps cut production 
costs at temperatures up 
to 2200°F. Cites case 
histories. 




















PETROLEUM 
F Splash Zone —e"—" | The Basis for natu 
=| Protection =a Selecting Alloy 
For Offshore Cast Irons for 
Seladh Zone Protection | Structures the Petroleum 
For Oftshore Structures | (4 pages, Industry 
‘eve : uae cat. #134-B) = eee ome ee (8 pages, 
momen cat. #34-A) 























Ponsinen Retwerr Kooks’ § The Selection a 
Some Corrosion 7 | of Materials 5-Way Savings 
Problems in nak | for Some in Pickling 
Petroleum ; Petroleum (6 pages, 
Refineries Refinery cat. #74-B) 
(7 pages, Applications 
cat. #67-B) (8 pages, 

- cat. #122-B) 





Analyzes the problem of 
protecting offshore struc- 
tures from corrosion with 
particular attention to 
the critical splash zone. 
Discusses corrosion rates 


Deals with the wide range 
of properties available 
through alloy cast irons 
and special service types 


_ of alloy irons. 


Analyzes 15 actual prob- 
lems concerning corro- 
sion of refinery equip- 
ment. Contains quanti- 
tative information. 


Summarizes __ investiga- 
tions made in a number 
of refineries to determine 
the best materials for re- 
sistance to corrosion. 


Case records show how 


Monel 


pickling 


equip- 


ment has given longer 


service, made 


possible 


greater payloads and in- 





of various metals. 


creased safety in typical 
pickling operations. 
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Experience in every major industry§p 


materials and alloys provide many 


Finding the Most Suitable Metal 


It would be easy to select a metal for a job if you had 
to consider only one property. But it seldom works out 
that way when you need a metal to withstand some 
unusually destructive combination of conditions. 

Usually you must search for the metal with the 
most suitable combination of essential properties. 

Very often you can find this combination ready- 
made among the many nickel alloys. 

To help you get a general idea of the many useful 
and often unusual properties which are available in 


7 * . 14 4 





these alloys, we have listed a few of the nearly 400 
publications which are available for your use in finding 
the alloy most suited to your needs. 


Technical Service on Metal Problems 


Even if you do not find the ready-made answer Jo 
are looking for among these publications, there 154 
good chance Inco’s Technical Service can help yo 
There is never any obligation for this service. 

If, for example, you are confronted with a cor 
sion problem, our Corrosion Engineering Service 
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no}* Materials 
—" (24 pages, 
cat. ##7A) 











5 from the 
Sst |! 
Odeo of physics 
and meta rgy, the prob- 
lems inv ed in select- 
ing a ma rial for decel- 
erating 4 vehicle. 
| 
we Over Bromine Victory ever 
Bromine 
(7 pages, 
cat. #49-B) 
a 








Reports results of corro- 
sion and impact tests 
that led to acceptance 
by Interstate Commerce 
Commission of new 
Mone! drum for shipping 
bromine. 





GLASS 
METALLURGICAL ANALYSIS 


cuss moe cast Bees | Metallurgical 
Analysis of 


Irons 
-===- 1|(10 pages, 
cat. #25-A) 











Ten essentials of glass 
mold castings and typical 
compositions required. 


~~") POWER 
Trimming Valve 
a Costs with 
poe Lasting Trim 
lasting (8 pages, 
~~ : ° 
ee ig cat. #77-B) 





Shows how valve manu- 
facturers use Inco Nickel 
Alloys for longer life 
where valves and trim 
meet special problems 
of corrosion. 


“1 AUTOMOTIVE 
uct pa WATE CUALS 
) : Brake Drum 





Glass Mold Cast 





BRIDGES 


Nickel Steels 
and Other 
Nickel Alloys 
fin Bridge 
Construction 


Describes past and pres- 
ent uses of nickel struc- 


tural steels and low-alloy 


high strength steels in 
bridge construction to 
eliminate dead weight. 


Handling 
> Fluorine and 
> Fluorine 
Compounds 
with Inco 
Nickel Alloys 
(24 pages, 
cat. #141-B) 


Gives corrosion data on 
Fluorine and Hydro- 
fluoric acid and summar- 
izes case history data on 
solutions of corrosion 
problems in many indus- 
tries. 


MACHINE 
TOOLS 


The Role 
Machine Tool 


(32 pages, 
cat. #46-A) 


Covers selection of ma- 
terials for vital machine 
tool components sub- 
jected to wear, stress 
and shock, giving de- 
tailed information on 
mechanical properties. 






: Alloys for 


Problems in 


Tubing problems and 
their solutions in main 
steam condensers, evap- 
orators, feedwater heat- 
ers, and miscellaneous 
heat exchange applica- 
tions. 





CASTINGS 
Cast to Outlast 
(15 pages, 
cat. ##104-B) 


Case-history booklet 
describes many service 
problems solved by use 
of Inco sand and centrif- 
ugal castings. Also how 
manufactyrers can cut 
costs on small parts. 








Gmiee 
— Corrosion 
Seana tah ati and the Final 
Choice 
==] (11 pages, 
a cat. #25-B) 














Describes the principal 
factors that should be 
considered in the final 
choice of a _ corrosion- 
resisting material. 





of Nickel in the 





hgeert © 1. Revel Hessets 


Performance of 


vo Steam Condensers 


Aboard U.S. 
Naval Vessels 
(8 pages, 
cat. #26-A) 








Heat Exchange 





Details on the excellent 
service rendered by ‘‘70- 
30”" cupro-nickel tubes 
employed in the con- 
struction of all types of 
heat exchangers. 


PULP AND 
PAPER 


» Practical 
Solutions for 
Metal Problems 
F in Pulp and 

. Paper Mills 

(33 pages, 
cat. #80-B) 


Shows how mill opera- 
tors have solved typical 
problems of corrosion, 
sliming, fatigue and 
wear. Describes the ap- 
plications of Nickel and 
high-nickel alloys. 











CORROSION 


Corrosion 
Problems in 


Power Stations 
(16 pages, 








Deals with corrosion of 
constructional materials 
in nuclear power plants 
where water serves both 
as a primary coolant and 
for steam generation. 





lron- Nickel Alloys 


Magnetic Purposes 





=" —]| ELECTRICAL & 


ELECTRONICS 


Iron-Nickel 
Alloys 

for Magnetic 
Purposes 
——a (20 pages, 
cat. #14-A) 


(20 te 80% Mickel) 








Approximate composi- 
tions and major special 
properties of the most 
important of the iron- 
nickel base, magnetical- 
ly soft alloys. 





A few straight truths 
about Galvanic Corrosion 
in salt water 





A Few Straight 
Truths About 
Galvanic 
os Corrosion 
a ae in Salt Water 
= (4 pages, 
cat: #64-B) 








. ea aren 


Tells how to identify gal- 
vanic corrosion, foretell 
if it is serious, take pre- 
cautions to reduce it. 


| RAILWAY 


| Nickel Alloys 
in Railroad 
Equipment 
| (32 pages, 
me cat. #36-A) 





Covers diesel-electric, 
gas turbine, steam and 
electric locomotives, pas- 
senger equipment, 
freight cars and miscel- 
laneous railroad applica- 
tions. 


Nuclear Reactor | 





(cat. #232-A) 











Nickel, Monel, 


" engineering 
» (49 pages, 
cat. #45-B) 


Appraises Nickel, Monel, 
Inconel, and their appli- 
cationin the chemical 
industry. Describes reac- 
tion of these materials 
to specific products and 
reagents. 


Inco Nickel 
Alloys for 
Electronic Uses 
(28 pages, 
cat. #51-B) 





Details information on 
13. Inco Nickel Alloys 
used in electronic, radio, 
electrical industries. 
Gives composition, gen- 
eral characteristics, typ- 
ical uses, available mill 
forms. 








MINING 


Alloy Steel 
Churn Drill Bits 
Prove Superior in 
Tough Ground 
(4 pages, 








cat. #30-A) 


Results of tests that 
proved .4340 type nickel- 
chromium - molybdenum 
steel was superior to car- 
bon steel and the most 
satisfactory of a group 
of steels tested. 








ALLOY SPRING STEELS SPRINGS 


Alloy 

Spring Steels 
(20 pages, 
cat. #41-A) 











A discussion of the re- 
quirements for hot-form- 
ed springs and the com- 
parative merits of vari- 
ous spring steels. 


that Nickel-containing 


study it, make tests where necessary, and suggest a 


practical solution. 


If, on the other hand, you want to find a metal 
capable of withstanding high temperature, our High 
Temperature Engineering Service is ready to help you 


with your problem. 


‘Or you may require technical assistance on the 
abrication or mechanical application of a metal. Our 
Technical Service staff will assemble the facts you 
heed and work with you in your plant to help secure 


f 


the desired results. 





useful combinations of properties 


THE INTERNATIONAL NICKEL COMPANY, INC. 


67 Wall Street, New York 5, N. Y.— Dept. M.S. 
Please send me the following catalogs: 





(list catalog numbers) 


Also send latest copy of “The Supply of Nickel 1958-1961" [J 























NAME TITLE 
COMPANY. 

ADDRESS 

CITY. ZONE STATE 





Application | have in 





WORLD WIDE SERVICE 


»»» as handy as your telephone 


TECHNICAL FIELD SECTIONS 


Information on the properties of nickel-contain- 
ing alloys such as stainless and alloy steels, high 
nickel alloys, cast irons, non-ferrous alloys, nickel 
plating and other products is available to you 
through these members of the Development and 
Research staffs. 


SALES, STOCK and SERVICE CENTERS 


These suppliers, through years of experience, are 
qualified to give you information and meet your 
requirements for Nickel and standard Inco Nickel 
Alloys out of warehouse stocks or through mill 
shipments. Through casting specialists, they are 
also prepared to offer technical service on the 
production of ferrous and non-ferrous castings 
containing Nickel. 


INCO NICKEL PRODUCTS 


Inco Nickel Alloys Standard Mill Forms and 
Castings are sold under the following trademarks 


Monel* “S” Monel* Inconel* 
“R"” Monel* “H"” Monel* Incoloy* 
“K" Monel* Duranickel* Inconel ‘‘X’’* 
“KR” Monel* Nimonic* 





Also Nickel and Low-Carbon Nickel 


Inco Nickel for alloying purposes 


Electrolytic Nickel Cathodes 

“XX"’ Nickel Shot 

Steam-Shattered Nickel Shot 

Nickel Ingots 

Nickel Oxide (sinter) 

“F’’* Nickel Shot and Ingots ; 

“N.H.”"* Nickel-Chromium-iron Pigs 
“NCC”’* Nickel- ee en Pigs 
Refined Nickel Oxides 


Inco Welding Supplies 

Electrodes, wire and fluxes for Inco 
Nickel Alloys 

Ni-Rod* and Ni-Rod ‘‘55’’* electrodes for 
cast irons 

Iinco-Weld ‘‘A’’* wire and electrode for 
dissimilar alloys 


Inco-Hard “1""* electrode *Trade Marks 


We will be pleased to have you call on Inco, without obligat; 
possible answer to your metal problems. All that is known to | 
years of research and marketing experience is readily ava; 
by telephoning or writing to one of the conveniently locat 
Field Sections or Sales Service Centers listed below. For ser 


parts of the world, call or write Inco direct. 


CENTRAL ATLANTIC 
COAST SECTION 
Abington Building, 1150 
York Road, Abington, Pa. 
Tel. Waverly 4-6692 (Phila.) 
W. C. Mearns, In Charge 


CHICAGO SECTION 

333 N. Michigan Avenue, 
Chicago 1, Ill. 

Tel. Franklin 2-4030 

H. L. Geiger, In Charge 


CINCINNATI SECTION 
Carew Tower, 
Cincinnati 2, Ohio 

Tel. Parkway 1-1631 
J. M. Morey, In Charge 


DETROIT SECTION 

19842 James Couzens 
Highway, Detroit 35, Mich. 
Tel. Broadway 3-6780 

F. J. Walls, In Charge 


EMPIRE STATE SECTION 
Times Square Building 
45 Exchange Street, 
Rochester 14, N. Y. 

Tel. Locust 2-5884 

G. L. Cox, In Charge 


UNITED STATES 


ALBUQUERQUE, N. M. 
Metal Goods Corporation 
Tel. Chapel 2-3313 


ATLANTA 2, GA. 
J. M. Tull Metal & Supply Co. 
Tel. Jackson 5-3871 


BALTIMORE 5, MD. 
Whitehead Metal Products 
Company, Inc. 

Tel. Eastern 7-3200 


BATON ROUGE 6, LA. 
Metal Goods Corporation 
Tel. Dickens 8-5761 


BEAUMONT 1, TEXAS 
Metal Goods Corporation 
Tel. Terminal 3.7536 


BIRMINGHAM, ALABAMA 
J. M. Tull Metal & Supply Co. 
Tel. Fairfax 3-1612 


BUFFALO 7, N. Y. 
Whitehead Metal Products 
sete wr Inc. 

Tel. Bedford 3100 
CAMBRIDGE 39, MASS. 
Whitehead Metal Products 
Company, Inc. 

Tel. Trowbridge 6-4680 
CHICAGO 23, ILL. 

Steel Sales Corporation 
Tel. Bishop 7-7700 
CINCINNATI 29, OHIO 
Williams and Company, Inc. 
Tel. Capitol 1-3000 
CLEVELAND 14, OHIO 
Williams and Company, Inc. 
Tel. Utah 1-5000 


COLUMBUS 8, OHIO 
Williams and Company, Inc. 
Tel. Axminster 4-1623 
CORPUS CHRISTI 1, TEXAS 
Metal Goods Corporation 
Tel. Tulip 4-0366 

DALLAS 35, TEXAS 

Metal Goods Corporation 
Tel. Fleetwood 1-3271 
DENVER 16, COLO. 
Metal Goods Corporation 
Tel. Dudley 8-4141 
DETROIT 10, MICH. 
Stee! Sales Corporation 
Tel. Tyler 6-3000 

FORT WORTH, TEXAS ~ 
Metal Goods Corporation 
Tel. Edison 2-7471 
GRAND RAPIDS 2, MICH. 
Steel Sales Corporation 
Tel. Glendale 9-3981 
HARRISON, N. J. 
Whitehead Metal Products 
Company, Inc. 

Tel. Humboldt 5-5900 
HOUSTON 1, TEXAS 
Metal Goods Corporation 
Tel. Fairfax 3-0141 
INDIANAPOLIS 18, IND. 
Steel Sales Corporation 


Tel. Liberty 6-1535 . 


THE INTERNATIONAL NICKEL 


NEW ENGLAND SECTION 
75 Pearl Street, 

Hartford 3, Conn. 

Tel. Jackson 7-0383 

G. R. Brophy, In Charge 


PITTSBURGH SECTION 
Grant Building, 
Pittsburgh 19, Pa. 

Tel. Atlantic 1-9546 

C. T. Haller, In Charge 


ST. LOUIS SECTION 

10 South Brentwood Bivd. 
St. Louis 5, Mo. 

Tel. Parkview 5-3378 

G. A. Fisher, Jr., In Charge 


SOUTHEAST STATES 
SECTION 

3179 Maple Drive, N. E., 
Atlanta 5, Ga. 

Tel. Cedar 7-6304 

R. J. Greene, In Charge 


TEXAS SECTION 
Commerce Blidg., 
Houston 2, Texas 
Tel. Capitol 4-1433 
R. J. Rice, In Charge 


JACKSONVILLE 5, FLA. 
J. M. Tull Metal & Supply Co. 
Tel. EV. 7-5561 


KANSAS CITY 8, MO. 


Steel Sales Corporation 
Tel. Victor 2-7366-7 


LOS ANGELES 22, CALIF. 
Pacific Metals Company, Ltd. 
Tel. Raymond 3-5431 
LOUISVILLE 3, KY. 
Williams and eeeery, Inc. 
Tel. Juniper 3-778 

MIAMI, FLA. 

J. M. Tull Metal & Supply Co. 
Tel. Newton 5-0365 
MILWAUKEE 9, WIS. 

Steel Sales Corporation 
Tel. Hilltop 2-2020 
MINNEAPOLIS 13, MINN. 
Steel Sales Corporation 
Tel. Sterling 1-4893 

NEW ORLEANS 9, LA. 
Metal Goods Corporation 
Tel. Jackson 2-7373 

NEW YORK 14, N. Y. 
Whitehead Metal Products 
Company, Inc. 

Tel. Watkins 4-1500 
PHILADELPHIA 40, PA. 
Whitehead Metal Products 
Company, Inc. 

Tel. Baldwin 9-2323 
PHOENIX, ARIZ. 

Pacific Metals Company, Ltd. 
Tel. Alpine 8-7821 
PITTSBURGH 33, PA. 
Williams and Company, Inc. 
Tel. Cedar 1-8600 
PORTLAND 12, ORE. 
Eagle Metals raeeery 

Tel. Atlantic 8-520 
ROCHESTER 10, N. Y. 
Whitehead Metal Products 
Company, Inc. 

Tel. Butler 8-2141 

ST. LOUIS 10, MO. | 
Steel Sales Corporation 
Tel. Prospect 1-5255 


SALT LAKE CITY 1, UTAH 


Pacific Metals Company, Ltd. 


Tel. Davis 2-3461 


SAN ANTONIO 5, TEXAS 
Metal Goods Corporation 
Tel. Capitol 7-3161 


SAN DIEGO 1, CALIF. 


Pacific Metals Company, Ltd. 


Tel. Belmont 4-325 
SAN FRANCISCO 7, CALIF. 


Pacific Metals Company, Ltd. 


Tel. Underhill 3-5600 
SEATTLE 4, WASH. 
Eagle Metals Company 
Tel. Parkway 3-9974 
SPOKANE 24, WASH. 
Eagle Metals Company 
Tel. Keystone 4-0586 
SYRACUSE 4, N. Y. 
Whitehead Metai Products 
Company, Inc. 

Tel. Granite 4-4641 
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TWIN CITIES se 
Northwestern mone 
Minneapolis 2, yj 
Tel. Federal 6 63] 
J. C. Neemes, Jr. In Char 
WEST COAST SECTION " 
714 West Olympic Boule 
Los Angeles 15, Cajip 
Tel. Richmond 9.2496 
A. G. Zima, In Charge 
fo er CANADA 
nternational Nickel! R 
& Technical Services 
Elks Building, Calgary ‘Alta, 
Tel. Amherst 9.245) 7" “Wt 
CENTRAL CANADA 
he International Nicke| 
ompany of Canad 
55 Yonge Street, _ 
Toronto 1, Ont. 
Tel. Empire 4-747] 
EASTERN CANADA 
wierneene Nickel Resear 
echnical Servi 
Room 808-9 he 
ominion Square Buildi 
Montreal, Quebec ding 
Tel. University 1-2030 





TAMPA 10, FLA. 
. M. Tull Metal & Supp! 
Tel. 3-6741 UPPIY Ca 


TOLEDO 12, OHIO 
Williams and Company, Inc, 
Tel. Greenwood 5-866] 


TULSA 3, OKLA. 
Metal Goods Corporation 
Tel. Gibson 7-4101 


WINDSOR, CONN. 
Whitehead Metal Products 
Company, Inc. 

Tel. Murdock 8-4921 


CANADA 


CALGARY, ALTA. 
Wilkinson Company, Ltd. 
Tel. Amherst 9-1427 


DARTMOUTH, N. S. 
Robert W. Bartram, Limited 
Maritimes Representative, 
Tel. Halifax 9-1503 


EDMONTON, ALTA. 
Wilkinson Company, Ltd. 
Tel. 3-5834 


MONTREAL 28, QUE. 
Robert W. Bartram, Limited 
Tel. Hunter 8-2511 


TORONTO 2, ONT. | 
Alloy Metal Sales Limited 
Tel. Empire 2-4411 


VANCOUVER, B. C. 
Wilkinson Company, Ltd. 
Tel. Emerald 2121 


WINNIPEG, MAN. | 
Alloy Metal Sales Limited 
Tel. Lenox 3-1141 


LATIN AMERICA 


ARGENTINA, Buenos Aires 
Industrias Quimicas 
Argentinas ‘‘Duperial 
Edificio ‘“‘Duperial” Paseo 
Colon 285 


BRAZIL, Rio de Janeiro 
Companhia Imperial de 
Industrias Quimicas do Br 
Caixa Postal 953 


BRAZIL, Sao Paulo 
Companhia Imperial de 
Industrias Quimicas do Bra 
Caixa Postal 6980 


MEXICO, Mexico, D. F. 
La Paloma Compania de 
Metales, S. A. . 
Mesones No. 33, Apartado 
No. 7304 


PERU, LIMA 
imperial Chemical Industries: 


Ss. A. 

Casilla 1688 

URUGUAY, Montevideo 

industrias Quimicas | 

Uruguayas “*Duperial 

Av. Gral. Rondeau 2050 3 
\. 
«é : 
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Properties 


of Materials 


PAGE 

a. Irons and Steels 31 

b. Nonferrous Metals 83 
c. Plastics and Rubber 141 
d. Nonmetallics 227 


(except Plastics and Rubber) 


e. Finishes and Coatings 257 


What the Data Mean: 


With the exception of Section 2e, the Properties of Materials sections 
consist entirely of tabular data on the properties, forms and uses of 
engineering materials. 


Tabular data on properties generally represent average test results 
obtained from many different sources and suppliers. Although the 
values may have been obtained from standard specified tests, in 
no case do the values represent minimum or maximum specified 
limits. A range of values may indicate either the normal variation 
encountered in that particular test, or the differences attributable 
to variations in the composition, temper, heat treatment, form or 
other condition of the material. Where a value or range applies 
only to a particular condition of the material, the condition is stated. 
Unless otherwise indicated, properties of metals apply to wrought 
forms and properties of nonmetallics apply to molded forms. 

Available forms listed in these sections are the most important forms 


that are readily available commercially. Uses listed in these sections 
are only typical and are not intended to be exhaustive. 


These data have a limited purpose. Space does not permit a com- 
eee Oe Be ee ee 





























SUPPLIERS’ 


LITERATURE 


lrons and Steels 


Alloyed Gray Iron. Advance Foundry Co., 
14 pp, illus. Use of a chromium-molyb- 
denum alloyed gray iron called Strenes 
for drawing, forming, blanking and roller. 
dies used in producing automotive parts. 1 


Flat Rolled Steel. Alan Wood Steel Co., 8 
pp, illus., No. D-39. Describes low alloy, 
high strength, flat rolled steel available in 
Strip, coils, cut lengths and sheared plate 
in varying thicknesses. 2 


Pearlitic Malleable Iron. Albion Malleable 
Iron Co., 23 pp, illus. Information on 
metallurgical characteristics of pearlitic 
malleable iron. 3 


Literature on Steel. Allegheny Ludlum 
Steel Corp., 8 pp. List of company bul- 
letins covering selection, fabrication and 
use of stainless and heat resistant steels, 
tool and die steels and electrical steels. 4 


Molybdenum-tron Castings. American Metal 
Climax Inc., Climax Molybdenum Div., 24 
pp, ilius. Series of bulletins explaining 
the use of molybdenum in gray and mal- 
leable iron. Gives properties, uses and 
ama data for molybdenum-iron cast- 
ngs. 5 


Prefinished Metals. American Nickeloid 
Co., 24 pp, illus. Fabrication, uses and 
properties of prefinished metals. 6 


Cold Extruded Steel. American Radiator 
& Standard Sanitary Co., 16 pp, illus. 
How low carbon steel parts are cold 
extruded and fabricated in one piece with- 
out machining. 7 


Steel Strip. American Steel & Wire Co., 
Div. of U.S. Steel Corp., 48 pp, illus. 
Physical properties, dimensions, tempers 
and finishes of cold rolled stainless and 
carbon steel strip. B 


Aluminized Steel. Armco Steel Corp., 22 
pp, illus. Corrosion resistance, mechanical 
properties, fire resistance and heat re- 
flectivity of aluminized steel. Gives sizes, 


gages and available forms. 9 


High Temperature Springs. Associated 
Spring Corp., 8-pp, illus., No. 17. In- 
formation on how to design and select 
materials for springs that must operate at 
high temperatures. 10 


Alloy Steels. Bethlehem Steel Co., 36 pp, 
illus., No. 415-A. Outlines individual effects 
of nickel, chromium, molybdenum, vanadi- 
um, manganese, silicon, copper, boron 
and aluminum as alloying elements for 
steel. 11 


Bar Steels, Bliss & Laughlin, Inc., 4 pp, 


illus., No. 55. How Strain-Tempered bar 
steel improves such machinery parts as 
gears. 12 
Tool Die Steels. Cannon-Muskegon, Inc., 
13 pp, No. 27. Composition, physical 
properties and heat treating of various 
tool and special purpose steels. 13 


Magnetic, Electrical Alloys. Carpenter Steel 
Co., 65 pp, illus. Chemical composition, 
magnetic properties, heat treatment, cor- 
rosion resistance and mechanical proper- 
ties of iron-nickel alloys for electronic, 
magnetic and electrical devices. 14 


Composite Metal. Chicago Bridge & Iron 
Co., 32 pp, illus. Strength, ductility, uses, 
and design information for a composite 
metal called ‘‘Horton-clad.”’ 15 


Chromized Steel. Chromalloy Corp., 4 pp, 
illus., No. 25. Heat resistance, character- 
istics, workability and cost of a chromized 
sheet steel material. Gives typical appli- 

16 


cations. 
Enameled Metal Strip. Coated Coil Corp., 
4 pp, illus. Describes coiled enameled 


metal strip supplied in widths up to 30 _ 
7 





MATERIALS IN DESIGN 








Leaded Steels. Copperweld Steel 
Steel Div., 16 pp, illus. 


Co.., 
Mechanical proper- 
ties and workability of leaded steels. is 


Stainless Steel. Superior Steel Div., Copper- 
weld Steel Co., 8 pp, illus. Chemical com- 
position and corrosion resistance data on 
a boror stainless steel for reactor shield- 


ing. i9 
Specialty Steels. Crucible Steel Co. of 
America, 12 pp, illus. Use of specialty 
alloy, carbon, tool and stainless steels in 


heavy construction and mining machinery 
parts. 


Alloy Steel Wire. Wilbur B. Driver Co., 
4 pp, illus. Shows facilities of company 
for vacuum melting, annealing, pickling 
and drawing alloy steel wire. 21 


Stainless Steel. Eastern Stainless Steel 
Corp., 4 pp, illus. Describes type 321 SW 
grade of sheet and plate resulting from 
new method of melting ingots. 22 


Purchasing Steel Strip. Edgcomb Steel & 
Aluminum Corp., 20 pp, illus. Information 
on a steel strip purchasing plan that cuts 
costs, reduces lead-time and insures con- 
tinuity of supply. 23 


Stainless Steel. Electric Steel Foundry Co., 
12 pp, illus., No. 5. Mechanical properties 
of cast and wrought stainless steels after 
heat treatments at temperatures from 800 
to 1200 F. 24 


Stainless Steel. Peter A. Frasse & Co., 
Inc., 2 pp, No. 2. Chemical composition of 
stainless steel bar, forgings, plate, sheet, 
strip, pipe and tubing to meet Air Force, 
Navy Aeronautical and Federal specifica- 
tions. 25 


Gray Iron Specs. Gray Iron Founders’ 
Society, 4 pp. Summary of specifications 
for gray cast irons and ductile (nodular) 
cast irons. Includes mechanical proper- 
ties, chemical composition and methods of 
testing. 26 


Carbon Specialty Steels. Green River Steel 
Corp., 4 pp, illus. Describes a process for 
making steels of unusual densities and fine 
grain structure. 27 


Stainless Steels. International Nickel Co., 
Inc., 8 pp, illus. Mechanical and physical 
properties of 200 series stainless steels, 
plus fabricating data. 28 


Stainless Steels. Jones & Laughlin Steel 
Corp., Stainless Steel Div., 12 pp, illus. 
Chemical composition, uses, corrosion re- 
sistance. physical and mechanical proper- 
ties, machinability and weldability of 17 
types of stainless steels. 29 


High Temperature Alloy. Utica Metals 
Div., Kelsey-Hayes Co., 16 pp, illus. Com- 
position, uses, physical properties, heat 
treatment and machining’ of Udimet 500, 
a nickel-base high temperature alloy. 30 


Steel Bars. La Salle Steel Co., 24 pp, illus. 
Design information, properties, uses and 
tool life for ‘“‘Fatigue-Proof’’ steel bars. 

31 


Wear Resistant Steel. Latrobe Steel Co., 
20 pp, illus. Diagrams show exact shape 
and size of parts made of a wear resis- 
tant steel for use in sandblasting equip- 
ment. 32 


Clad Steels. Lukens Steel Co., 32 pp, illus. 
Mechanical and chemical properties, sizes, 
uses, design information and fabrication 
data for a series of nickel, stainless steel, 
Inconel and monel-clad steels. 33 
Manganese Steel. Manganese Steel Forge 
Co., 12 pp, illus. Chemical composition, 
design information and uses of rolled and 
forged high manganese steel. 34 
Weirton Steel Co. Div., 
illus. Advan- 


Zinc-Coated Steel. 
National Steel Corp., 8 pp, 
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tages, uses and properties of zinc-coated 
steel sheets. 35 
Coated Steel Strip. Thomas Strip Diy. 
Pittsburgh Steel Co., 20 pp, illus. Contains 
actual samples of strip steel electrolytic- 
ally coated with zinc, copper, brass, lead 
alloy, nickel and chromium, in natural 
and buffed finishes. 36 


Iron Powder. Pyron Corp., 8 pp, No. 1 
Technical information on  hydrogen-re- 
duced and electroytic iron powders. 37 


Stainless Steel. Republic Steel Corp., 40 
pp, illus., No. 590a. Information on cold 
forming, machining, forging, annealing, 
pickling, grinding and painting stainless 
steel. Charts give chemical composition 
and properties of the 300 and 400 series 

38 
Hot Rolled Steels. Joseph T. Ryerson & 
Son, Inc., 4 pp, illus., No. 11-2. Specifica- 
tions and size ranges for hot rolled steel 
bars, structurals, plates, sheets and strip 

39 
Spring Steels. Sandvik Steel, Inc., 6 pp, 
illus. Sizes, materials and chemical compo- 
sition of spring and specialty strip steels. 


40 
Zinc-Coated Steel. Sharon Steel Corp., 12 
pp, illus. Welding, soldering, cold form- 
ing, cleaning and storage of Galvanite 
zinc-coated steel. 41 


Cast Irons. Sorbo-Mat Process Engineers, 
18 pp, illus. Specifications, grain structure, 
mechanical and physical properties, and 
uses of alloyed and plain cast irons. 42 


Steels. Timken Roller Bearing Co., Steel 
& Tube Div., Canton, Ohio. Complete cat- 
alog on steels. Write on company letter- 
head directly to Timken. 

Constructional Steel. United States Steel 
Corp., 4 pp. Chemical composition and 
mechanical properties of Tl, a low Ccar- 
bon, quenched and tempered constructional 


alloy steel. 43 
Chromium Steels. Universal-Cyclops Steel 
Corp., illus. Physical properties, chemical 


composition and room and elevated tem- 
perature properties for two 5% chro- 
mium alloys. 44 


Alloy Steel. Vanadium-Alloys Steel Co., 26 
pp, illus. Tensile, fatigue, low and high 
temperature properties, uses, weldability, 
and hardening and surface treatment for 
a 5% chromium steel called VascoJet — 


Alloying Elements. Vanadium Corp. of 
America, 4 pp. Chemical composition and 
uses of aluminum, boron, titanium and 
vanadium as alloying elements in em. 


Investment Casting Alloys. Wai-Met Alloys 
Co., 4 pp, illus. Information on tool and 
stainless steel certified alloys for invest- 
ment castings. 47 
Stainless Steel. Wallingford Steel Co., 52 
pp. Chemica] composition, comparative 
properties, corrosion resistance, tolerances 
and fabrication of stainless steel. 48 
Stainless Steel. Washington Steel Corp.. 
28 pp, illus. Physical properties, chemical 
composition, corrosion resistance, and 
availability of a nickel-free stainless steel 
called Microrold 430. 49 
Expanded Metal. Wheeling Steel Corp. 
8 pp, illus. Dimensional data, weights, ap- 
plications and styles of expanded —. 


Low Alloy Steel. Youngstown Sheet & 
Tube Co., 4 pp. Chemical composition, phy- 
sical properties, machinability and welda- 
bility of a high strength, low alloy stee! 
called Yoloy. 51 
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lrons and Steels 


Gray Irons 











Class* =» 20 25 30 
PHYSICAL PROPERTIES 
CE ee 0.26 0.26 0.26 
Thermal Conductivity (212 F), Btu/hr/sq ft/°F/ft......... 24-34 24-34 24-34 
Coef of Ther Exp (32-212 F), per °F... .............0008- 6 x 10° 6 x 10-* 6 x 10-6 
ES ar ee Yes Yes Yes 





Varies from 50 to 200 depending on composition 





MECHANICAL PROPERTIES® 
Mod of Elastin Tension, psic.......................... 
Tensile Strength (as cast), 1000 psi................0..... 
Transverse Strength (as cast), 1000 Ib¢.................. 
ES ee 
Modulus of Rupture (as cast), 1000 psi................... 
SEROUS CUPPUIIOTE, OE CRUE, 0.5 cicccccccccccccccccccess. 
Fatigue Strength (endurance limit, as cast), 1000 psi...... 
Compressive Strength (as cast), 1000 psit................ 
Shear Strength (as cast), 1000 psi.....................8. 


13, 12, 9 x 106 14, 13, 11.5 x 108 16, 15, 13.5 x 108 
24-29, 20-24, 15-19 | 27-33, 25-30, 20-24 | 35-40, 30-34, 20-24 

1, 2, 5.2 1.25, 2.1, 5.5 1.4, 2.2, 7.3 

0.14, 0.25, 0.25 0.17, 0.27, 0.30 0.16, 0.28, 0.31 
50, 53, 40 57, 56, 42 63, 58, 56 

200, 180, 170 205, 190, 175 210, 200, 180 
—, 10,— —, 12.5, — —, 14.5, — 
100, 95, 90 —, 100, — —, 115, — 
—, 32, — —,37,— —, 44,— 











FABRICATING PROPERTIES 


Gray cast iron, having a ferrite matrix in which graphite flakes are 
dispersed, has a machinability rating of 110. When a cast iron 
microstructure shows alloy segregation, free carbides, steadite 
and free pearlite, machinability is reduced and may be as low as 
40. Some castings show several structures due to cooling rate 
and section size 





JOINING 


Can be joined by gas welding; shielded metal-arc welding using 
special electrodes; carbon arc welding. Preheating necessary. 
Can be brazed with nonferrous filler metal 





CORROSION RESISTANCE 


More resistant to some types of corrosion than carbon and low 
alloy steels, possibly because of graphite; cast iron soil pipe 
usually lasts longer than steel pipe, for example. Gray irons are 
resistant to strong sulfuric acid, cold concentrated phosphoric and 
nitric acids; attacked by dilute sulfuric, phosphoric and nitric 
acids. Resistant to many alkalis, including sodium hydroxide, 
soda ash.and ammonia 





USES 





Machine bases, 
grates, housings, 
ornamental castings, 
sanitary wear, piston 
rings, pipe and fit- 
tings 





Similar to class 
20 where higher 
strength is required 





Light brake drums, 
clutch plates, cylin- 
der blocks, liners, 
impellers, pipe and 
fittings, grate bars, 
machine parts 





“Specified min tensile strength, 1000 psi, ASTM A48—48. 


bThree values are given for light, medium and heavy sections, respectively. 


“At 44 max transverse load. 


dBar diameters 0.875, 1.2 and 2.0 in., respectively. Distance between supports 12, 18 and 24 in., respectively. 


eConsiderably wider range obtainable by heat treatment. 


fAbout 40% of tensile strength appears to be safe level for endurance limit. 
gIn general, compressive strength is three to five times tensile strength. 
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Gray lrons—concluded 











Class* » 35 40 50 60 
PHYSICAL PROPERTIES | 
RS le. oo ki dhaebunkan<d 0.26 | 0.26 0.26 0.26 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft..... 24-34 24-34 24-34 24-34 
Coef of Ther Exp (32-212 F), per °F....... 6 x 10-6 6 x 10* 6 x 10-6 6 x 10-6 
Magnetic?.... ee Seaaauas Yes Yes Yes Yes 


Elec Res (68 F), microhm-cm............. 





MECHANICAL PROPERTIES» 
Mod of Elast in Tension, psi°. 
Ten Str (as cast), 1000°psi 
Transverse Str (as cast), 1000 Ib¢......... 
Deflection (as cast), in.¢.......00.00..0005. 
Mod of Rupture (as cast), 1000 psi......... 
Hardness (Brinell, as cast)®......, at ne 





Fatigue Str (endur limit, as cast), 1000 psi ‘ 


Varies from 50 to 200 depending on composition 















Compr Str (as cast), 1000 psi« 
Shear Str (as cast), 1000 psi... 


FABRICATING PROPERTIES 








JOINING 


CORROSION RESISTANCE 


USES 


17,16, 145x108 | 18,17, 15.5 x 10° 19, 19, 18 x 108 20, 19.5, 19 x 108 
38-42, 35-40, 25-33 | 50, 40-48, 33-45 | 60, 50-57, 52 70, 60-66, 50-75 
1.5, 2.6,8 1.75, 2.9, 10 2, 3.3, 10.7 2.5, 3.7, 15 
0.17, 0.28 - 0.16, 0.28, 0.30 0.18, 0.28, 0.30 0.13, 0.34, 0.40 
70, 69, 63 80, 78, 76 91, 88, 82 114, 98, 115 
220, 210, 190 230, 220, 210 260, 240, 230 300, 290, 275 
. ae Gata oe elite ki ep) 
150, 125, ~. | ai. 4 . = 
_, 43, ee | eo tn St — lrons & 





| j ’ ’ 


Steels } 


Gray cast iron, having a ferrite matrix in which graphite flakes are dispersed, has a machin- 
ability rating of 110. When a cast iron microstructure shows alloy segregation, free carbides, 
steadite and free pearlite, machinability is reduced and may be as low as 40. Some castings 
show several structures due to cooling rate and section size 











Can be joined by gas welding, shielded metal-arc welding using special electrodes, carbon 
arc welding. Preheating necessary. Can be brazed with nonferrous filler metal 





More resistant to some types of corrosion than carbon and low alloy steels, possibly be- 
cause of graphite; cast iron soil pipe usually lasts longer than steel pipe, for example. 
Gray irons are resistant to strong sulfuric acid, cold concentrated phosphoric and nitric 
acids; aitacked by dilute sulfuric, phosphoric and nitric acids. Resistant to many alkalis, 
including sodium hydroxide, soda ash and ammonia 





Special brake drums, 











Clutch plates, crank- | Gears, camshafts, | Gears, valves, heads, | 
cases, light brake- | heads, liners, valves, | blocks, steam pres- | pressure castings, 
drums, liners, sleeves, | pumps, tube sup- | sure castings, dies, | crusher frames, hot 
cylinder blocks, im- | ports, dies, wheels | compressors, pumps, | forming dies, heavy 
pellers, machine | rams duty gears, hydraulic 
components cylinders 

“Specified min tensile strength, 1000 psi, ASTM A48—48. 


bThree values are given for light, medium and heavy sections, respectively. 


cAt 14 max transverse load. 


dBar diameters 0.875, 1.2 and 2.0 in., respectively. Distance between supports 12, 18 and 24 in., respectively. 
eConsiderably wider range obtainable by heat treatment. 
fAbout 40% of tensile strength appears to be safe level for endurance limit. 


gsIn general, compressive strength is three to five times tensile strength. 
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Nodular or Ductile Irons 








Type » 


80-60-3 


60-45-10 


100-75-04* 





COMPOSITION, % 


PHYSICAL PROPERTIES 
Nuk sp obaniddcdwaude 
EEE 
Thermal Conductivity (212 F), Btu/hr/sq ft/°F/ft 
Coef of Ther Exp (70-400 F), per °F.............0.000... 
Electrical Resistivity (75 F), microhm-cm 

MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi...............00.000.0.0002,. 
Tensile Strength, 1000 psi 
Yield Strength, 1000 psi 
Elongation (in 2 in.), % 
EE ee 
Impact Strength (Charpy), ft-[b 

Unnotched 
Notched 





T.C. 3.3-3.8, Si 2.0- 
3.0, Mn 0.2-0.5, P 
0.06-0.08, Ni 0-1.0, 
Mg 0.02-0.07 


0.257 
2050-2150 
18 
6.6 x 106 

68> 


22-25 x 108 
90-110 
60-75 

3-10 
200-270 


15-65 
2-5 


T.C. 3.4-4.0, Si 2.0- 
2.75, Mn 0.2-0.6, P 
0.06-0.08, Ni 0-1.0, 
Mg 0.02-0.07 


0.257 
2050-2150 


22-25 x 10° 
60-80 
45-60 
10-25 

140-190 


60-115 
10-15 





T.C. 3.4-3.8, Si 2.0- 
2.75, Mn 0.3-0.6, P 
0.08 max, Ni 0-2.5, 
Mo 0-1.0,Mg0.02-0.07 


0.257 
2050-2150 


6.6 x 106 


22-25 x 108 
100-120 
75-90 
-6-10 
200-240 








Endurance ratio follows pattern of other ferrous materials. For 
soft ferritic materials, notched endurance ratio is about 50-55%; 
with stronger irons, the ratio drops to 30-40% or lower 

Ratio of compressive strength to tensile strength is about 2 to 1 





19,000 
1,750 
480 


14,000 
4,000 
550 








THERMAL TREATMENT | 
Ferritic Structure (ferritizing anneal)..................... 


Pearmee-Ferre Siswctures.... o.oo c ccc cc ccc cess 
Ne Le amakees 
Tempered Structures............. 





FABRICATING PROPERTIES 
Mactinability 


We'dability 





to 1100 F, air cool 


800-1300 F 


Heat in 1600-1650 F range, cool to 1300 F, hold 1-3 hr, furnace cool 


Heat to 1600-1650 F, cool rapidly, reheat at 1100-1300 F 
Normalize by air cooling from 1600-1650 F 
Quench from 1400-1650 F (depending on composition), temper at 








as-cast and annealed 


filler metals 


conditions 


Depends on structure but has excellent machinability in both 


Can be welded by most fusion welding processes. For maximum 
ductility, welding should be done on fully annealed material. 
Composition affects weld quality. A 60 Ni-40% Fe filler wire is best 
for metal arc welding. Can be brazed with the lower melting BAg 











position 


Approx same corrosion resistance as gray irons of similar com- 





Anvils for forging 
hammers ; impellers, 
levers, cams, crank- 
shafts, dies, jet 
engine burner sup- 





port rings 


Valve and pump 
bodies, pipe fittings, 
clamps, gear hous- 
ings, tractor and farm 
machine parts 





Track shoes, brake 
drums, gears, cam- 
shafts, pistons 








aObtained by heat treatment involving normalizing or quenching and tempering. 


bIron containing 1% silicon. 
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Nodular or Ductile lrons—concluded 












































Type »> 120-90-02+ Heat Resistant Austenitic 
COMPOSITION, % T.C. 3.4-3.8, Si 2.0- |T.C.2.8-3.8, Si2.5-6.0,) T.C. 3.0, Si 2.0- 
2.75, Mn 0.3-0.6, P |Mn0.2-0.6, P0.08 max,| 3.2, Mn 0.8-1.5, P 
0.08 max, Ni 0-2.5, |Ni 0-1.5, Mg 0.02-0.07) 0.02 max, Ni 18-22, 
Mo 0-1.0, Mg 0.02- Cr 0-2.5 
0.07 
PHYSICAL PROPERTIES 
Ls cocd cccelnchtbaendsncases eel 0.257 0.25 0.268 
RE es cit basneiibedheidsndnscedsed 2050-2150 2050-2150 2250 
Thermal Conductivity (212 F), Btu/hr/sq ft/°F/ft......... _ a 
Coef of Ther Exp (70-400 F), per °F.......... Bie) ounce 6.6 x 10-6 _ 10.4 x 10-6 
Electrical Resistivity (75 F), microhm-cm................. — — 102 
MECHANICAL PROPERTIES 
Mod of Elast in Tension; psi................. ee rene 22-25 x 108 22-25 x 106 18.5 x 108 
Tensile Strength, 1000 psi.......................0...... 120-150 60-100 58-68, 
Yield Strength, 1000 psi......................... avenke 90-125 45-75 32-38 
Elongation (in 2 in.), %. ..............-5200 etek A vee’ 2-7 0-20 | 7-40° 
ii a as wadiak dont samen saat 240-325 140-300 140-200 
Impact Strength (Charpy), ft-Ib 
i ee RR a ee 25-40 5-115 | - 
a and cna gah ais ke eek as aa _ ins | 10-28 
EE, ain dxskcnrnanas <énnver neon saneiagd Endurance ratio follows pattern set with other ferrous materials. 
For soft ferritic materials, notched endurance ratio is 50-55%; with 
the stronger irons, ratio drops to 30-40% or lower 


Compressive Strength............... (jdenantakeanbnonan Ratio of compressive strength to tensile strength is about 2 to 1 





| 


Creep Strength (0.0001%/hr), psi« 


Ee eA daD Baki ve pembdtsakseantneeresK<s _ i 18,500 
Dc ie cttaehinusnhinnededsntceeessaaieases and - um 13,000 
ys Sache ce acstenees tavendssianeadaned beth wns ns 5,700 
BN high Sengaaness Miwkethssaaes pankasannneeeas = ti | 2,000 


| 





ee 


THERMAL TREATMENT 


Ferritic Structure (ferritizing anneal).............. .....+-] Heat in 1600-1650 F range, cool to 1300 F, | a 
hold 1-3 hr, furnace cool to 1100 F, air cool | 

Pearlitic-Ferritic Structures ...................cccccceees Heat to 1600-1650 F, cool rapidly, reheat at | -- 
1100-1300 F 

is neces us sevapbaaunsebaensode Normalize by air cooling from 1600-1650 F _ 

Ns kik 6 ccheeeessanenandeerdsdenem Quench from 1400-1650 F (depending on — 


composition), temper at 800-1300 F 








FABRICATING PROPERTIES 


PY. oo cedciesccseveceseseseeevececsvceececes Depends on structure but is excellent in both as-cast and annealed 
7 conditions 
ERS. e Bigk coded chads ceushbhiteeesssnessas Can be welded by most fusion welding processes. For maximum 


ductility, welding should be done on fully annealed material. Com- 
position affects weld quality. A 60 Ni-40% Fe filler wire is best for 
metal arc welding. Can be brazed with the lower melting BAg 
filler metals 





CORROSION RESISTANCE Approx same corrosion resistance as gray irons of similar compo- 
sition; superior to ordinary gray irons 





USES Machine guides, pin- | Grate boxes, sinter | Impellers, grids, 
ions, gears, cams, | pots, lead pots, glass | paper mill machine 
dies, track rollers molds, furnace doors | parts, pumps, valves 











aObtained by heat treatment involving normalizing or quenching and tempering. 
25-40% with 0% chromium. 


4For 0% chromium. 
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Malleable Irons 









































Standard 
Type and Grade » Pearlitic 
32510 35018 
COMPOSITION, % C 2.3-2.7, Si 1.5-0.8, | C 2.0-2.45, Si 14-|] Same as standard 
Mn 0.55 max, P 0.18 | 0.85, Mn 0.55 max, P| grades except that 
max, S 0.20 max 0.18 max, S 0.20 max | manganese can be 
higher 
PHYSICAL PROPERTIES 
NT 0.259-0.263 0.259-0.263 0.259-0.263 
Thermal Conductivity, Btu/hr/sq ft/°F/ft 
ee eee is oi navsevesande 29.5 29.5 a 
RNR WE ea odds ads ssacastaecede 23.0 23.0 
Coet of Ther Exp (68-750 F), per°F..................... 6.6 x 10-6 6.6 x 10-6 s 
Specific Heat (70-750 F), Btu/tb/°F...................... 0.133 0.133 | — 
Electrical Resistivity (68 F), microhm-cm................. 32.0 32.0 38.19-41.17 
| Se ret ore er Pererreerreree ieee Yes Yes Yes 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi.......................02... 25 x 108 25 x 10° 28 x 10° 
Tensile Strength, 1000 psi................... 0... c ee eee 50-52 53-60 60-90 
cc cdcasy bvecegsedcdeseswaree 32-35 35-40 40-70 
NT nn. cic ccccsccscsescseceeesen 10-18 18-25 12-3 
es oss ctccbanctansdeneadions asco 18-23 18-23 — 
es 5 tad aeik ceknntees aeetabind 110-145 110-145 160-285 
Impact Strength (Charpy), ftdb°.....................08- ] 16.5 16.5 12 
Fatigue Strength 
I TO goes cnc cnccscccccsccvccesee 25 | 31 30-32 
Re ira cawsin dh aah ok ood.neees Ooevene 0.50 | 0.50 ~— 
Mod of Elast in Compression, psi......................5. 25 x 105 25 x 105 _ 
Compressive Yield Strength, 1000 psi | 
ia ias shicksadedadenasecdendae 28 28 43 
i a desusieaesenen 90+ | 90 +- — 
Ultimate Shear Strength, 1000 psi....................... 45-48 48-54 . 
Yield Strength in Shear, 1000 psi.....................08. 29-32 32-36 
Mod of Rupture in Torsion, psi......................0.5. 58,000 58,000 - 
Ne ce id in ino cin hacen nen ee Kee 0.17 0.17 
Allowable Working Stress (775 F), psi.................... 5600 | 5600 — 
THERMAL TREATMENT 
Es oak ons pnheencnannenksnte see its 15005 1500 1500 
ee ns ic ceehed a tenads sates — — About 600 
FABRICATING PROPERTIES 
Casting Temperature Range, F......................005. 2600-2800 2600-2850 2600-2850 
Shrinkage Allowance (contraction minus expansion during 
a hi aie el at a as 6d are ase, 6.0 11/64-1/32 11/64-1/32 11/64-1/32 
Machinability Index (AIS! B1112 steel =100)............. 120 120 80-90 


EEE hy LET i pepe ee 











Not fusion welded. Can be soldered and brazed 





CORROSION RESISTANCE 


Resistant to atmospheric corrosion in rural, industrial and marine 
atmospheres; fresh and salt waters 





USES 





Gear cases, brake supports, journal boxes, 
pipe fittings, pole line hardware, ordnance 
parts, marine deck fittings, anchors, parts 
for domestic appliances and business ma- 


chines 


Rocker arms, cam- 
shafts, gears, 
sprockets, tractor 
parts, agricultural 
machin2ry parts 








sEstimated to be somewhat higher than for standard grades. 
bMust be first heated to 1700 F to dissolve graphitic carbon. 


¢V-notch 0.079 in. deep, 0.394-in. sq bar. 
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ingot and Wrought Irons 



































Type » Ingot Iron Wrought Iron 
COMPOSITION, % C<0.02, Mn<0.02, Si C 0.02, Mn 0.03, Si 0.15, 
trace, P 0.005, $ 0.02 P 0.12, S 0.02, slag 3.0 
PHYSICAL PROPERTIES 
ee oo ee sec eeem rene s Khia eeiOL eRe 0.28 0.25 
aks th Sa ce i amas Kee b0adeAda. ed 2794 2750 
Thermal Conductivity (212 F), Btu/hr/sq ft/°F/ft................ 38 36 
Goad OF THOT ERD Gleatie FD), BOE OF. gc ccc ccc cccccscccccscces 6.8 x 106 6.7 x 10-6 
red cid ia une egs54uend anion oe dnnnen 0.11 0.11 
Electrical Resistivity (68 F), microhm-cm.....................0.. 9.7 — 
SEDs 44s 6 dK6 048 446 40466060400 pebeece eer eed Yes Yes 
MECHANICAL PROPERTIES 
re ne 29.8 x 10° 29 x 108 
Longitudinal® Transverse* 
Tensile Strength, 1000 psi — 
SE EE ne ee et a 42 — — 
ee tie go era eabed wen ews oawe eee 44 4] 34 
Ee eink ds vk cio s nenananens huh Ved - 73 — — 
Yield Point, 1000 psi 
I od ko oe gy re Ra) Geek Ue we eouied « 19 — _ 
od argc as hema PS ial ee iD ae, Soe 23 24 23 
ED EE ees ee de ga kab pau Raw ee cee wRE Kd 69 — 
Elongation (in 2 in.), % 
as 48 — — 
Hot Rolled.......... 47 35 7 
ED ial. pkey oo, aS a a eietie  RG  Mle eb abe are 12 — — 
Reduction of Area, % 
eee aie salen ae ied ads ee eae 76 — — 
Ng ak ge sd ale an ie ae diane cane es eed 75 48 12 
ok. 5. scan swe aceh sucker eet anmauadl 63 _ — 
Hardness (Brinell) 
ee ee Ter ere 69 — — 
te eta. 6.50.05 sy a0aac eine Nbbiaede Oana 83 105 105 
tae his die gin Sachadaheeanadawwel 142 — _ 
Impact Strength (Charpy), ft-lb 
EES aS ae ee 19 — — 
EEE A a ee ae eee ee eee a — 29 ll 
ee ee er eee Pre _ — _ 
Fatigue Strength (endurance limit), 1000 psi 
EES a eee rere deen nioiie Reisie 26 — — 
a ae reed aes Gee ea so 28 23 19 
Ns pera os Seon ect iat cinn cee mee bwaneeeul 33 — — 
FABRICATING PROPERTIES 
De ac epee nen euen ted wae 1700-1800 1300-1400 
is. ss csv cnedenncabunedbsnvanac _ 2100-2200 
Bending Temperature Range, F...................0.ceeeeecacee _ 1300-1400 
Machinability Index (AISI B1112 Steel =100)................0.0.. 50 50 


ES thitakhi oativenibed Didimaindeeatsreanessesesscy 








Readily joined by resistance, arc and gas methods 





CORROSION RESISTANCE 





Like other ferrous metals with the exception of the stainless steels, 
these materials generally require protection for extended service 
under corrosive conditions. In spite of its purity, ingot iron has cor- 
rosion rates much the same as those of plain carbon steel. Under 
atmospheric conditions, wrought iron appears to be somewhat su- 
perior to carbon steel. In fresh water the two materials have similar 
characteristics; there is some dispute regarding salt water service 





AVAILABLE FORMS 


Sheet and strip, wire, 
rail sections 


Tubular products, plate, sheet, bars, struc- 
tural shapes, wire, chain 





USES 





Deep drawn parts, 
enameling stock, 
third rails, wire for 
electrical apparatus 


Oil well casing, heat exchangers, piping for 
fresh and salt water, tanks, bolts and nuts, 
roofing, chemical processing equipment, 
chains 








aAs rolled. 
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lrons and Steels 


Low Carbon Steels 















































Conservative estimate of fatigue strength is 40-50% of tensile strength 








THERMAL TREATMENT 
Annealing Temp, F.................. 1650-1750 1650-1750 
Hardening Temp, F.................. 1650-1700 1650-1700* 
Tempering Temp, F.................. 300-1350 300-1350 
FABRICATING PROPERTIES te 
Machinability Index 
i ee 40 50 
IES dclats siaminssavcdeens 45 58 
IN OR nas dvtdceneeaediil 








1650-1750 
1650-1700* 
300-1350 


92 
65 





1650-1750 
1600-1675» 
300-1350 


50 
60 





AIS! Type »> C1010 C1015 C1018 C1020 C1025 
COMPOSITION, % C 0.08-0.13, Mn | C0.13-0.18, Mn C0.15-0.20. Mn | C0.18-0.23, Mn | C0.22-0.28 Mm; 
0.30-0.50, P 0.040 | 0.30-0.60, P 0.040 | 0.60-0.90, P 0.040 | 0.30-0.60, P 0.040 | 0.30-0.60, P 0.040 
max, S 0.050 max } max, S 0.050 max | max, S$ 0.050 max | max, S 0.050 max | max, S 0.050 max 
PHYSICAL PROPERTIES 
rn 0.283 0.283 0.283 0.283 0.283 
Melting Temp Range, F............... 2750-2775 2750-2775 2750-2775 2750-2775 2750-2775 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft. . 27 27 27 27 27 
Coef of Ther Exp 
(Feenaee Fh, OO °F... ......5.000s. 8.4 x 10-6 8.4 x 10-6 8.4x 10-6 8.4 x 10* 8.4 x 10-6 
EW cccicsesovssccecs 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 
Elec Res (68 F), microhm-cm......... 14.3 143 14.3 14.3 143 
i cts yn ss cwidan wenae ed een Yes Yes Yes Yes Yes, 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi.......... 29-30 x 1C® 29-30 x 108 29-30 x 106 29-30 x 106 29-30 x 106 
Ten Str, 1000 psi 
I 51 61 69 65 70 
Ee 56 74 82 78 80 
Yid Str, 1000 psi 
I ee 29 46 48 43 45 
ie LL enc veeicbader 33 62 70 66 69 
Elong (in 2 in.), % 
ES ee re 38 39 38 36 3] 
ES 35 24 20 20 18 
Red. of Area, % 
te a era nhidi 70 61 62 59 58 
nics seks. cdseesednns 65 57 57 55 48 
Hardness (Brinell) 
NN oo, os ss inhame ses 101 126 143 143 143 
re 113 143 163 156 162 
Impact Str...........................] Markedly dependent on section size and processing details, such as deoxidation practice, rolling practice, 
etc.—more so than other mechanical properties 
NN ids 6th sda kedameseuils Dependent on thermal and mechanical history, though not to the extent that impact strengths are. 


1600-1700 
1600-1675» 
300-1350 


§2 
65 





Easily welded by all commercial welding procedures, including gas, arc, bronze, thermit, oxyacetylene 
and submerged-melt processes. Resulting welds are of extremely high quality 





CORROSION RESISTANCE 





AVAILABLE FORMS 


Rusted by oxygen and water at room temperature, rate of attack increasing sharply as pH goes above 4 
and decreasing below a pH of 8. Dilute salt solutions increase corrosion rate. Attacked by acids, in 
general, but satisfactorily resistant to alkalis at normal temperatures. Corrosion rate in ordinary rusting 
not appreciably affected by carbon or alloy content or by cold working 





Can be obtained in all mill forms. “Structural mild steel,” in which the common shapes are supplied 
unless otherwise specified, falls somewhere in these ranges of composition 





USES 





Can be carburized to give a hard surface on a part which retains its tough inner core. Machine applica- 
tions apart from structural shapes include automobile spiders, gears, clutch disks, bolts, bearing races, 
camshafts, crankshafts, piston pins, cams, pneumatic tool cylinders, gun blocks, bushings, stud and 
collar bolts, shifter shoes, draw bars, pivot pins, cap screws, precision shafting, scythe blade heels, 
flanges, shackles, tie rods, drag links, steering gear connecting rods, thrust washers, wrenches 









aQuench in water, brine or caustic frequently used. 


bSoluble oil solution used for hardening bolts; mineral oil used when quenching for machinability. 


cBased on AISI B1112 steel = 100. 
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Medium Carbon Steels 








AISI Type » C1030 C1035 C1040 01045 
COMPOSITION, % C 0.28-0.34, Mn C 0.32-0.38, Mn C 0.37-0.44, Mn C 0.43-0.50, Mn 
0.60-0.90,P0.040 | 0.60-0.90,P 0.040 | 0.60-0.90,P.0.040 | 0.60-0.90, P 0.040 


max, S 0.050 max max, S 0.050 max 





max, S 0.050 max 


max, S 0.050 max 





PHYSICAL PROPERTIES 








Density, Ib/cu in........ cee os 0.283 0.283 0.283 0.283 
Melting Temp Range, F................. ' 2700-2750 | 2700-2750 2700-2750 2700-2750 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft... 27 27 27 27 
Coef of Ther Exp (70-1200 F), per °F... 8.3 x 10 | 8.3 x 10-6 8.3 x 10 8.3 x 10-6 
Specific Heat, Btu/Ib °F....... 0.10-0.11 0.10-0.11 0.10-0.11 0.10- 0.11 
Elec Res (68 F), microhm-cm. 19 19 19 19 
a ea dia vce 5. wid xandadle Yes | Yes Yes Yes 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi... 29-30 x 108 | 29-30 x 10° 29-30 x 106 29.30 x 106 
Ten Str, 1000 psi | 
Hot Rolled....... 80 85 91 98 
Cold Worked...... 85 | 92 100 103 
Hard. & Temp... 98a | 103» 113» 120¢ 
Yid Str, 1000 psi 
Hot Rolled....... 50 54 58 59 
ER ne ee ee 72 79 88 9 . 
Ns ks das ws ianeedewaeanens 70* 728 86» go» 
Elong (in 2 in.), % | 
i ies ns one dhe as caadadedenaaakion 30 30 27 24 
I ss 55s donk din dee Caw enewenees 26 | 25 17 14 
CS ek «sand Wat eaewuyarveoeaten 2]* 23> * 18 
Red. of Area, % 
a ey ok Be, 56 53 50 45 
EE a em oe 51 50 42 40 
Hard. & Temp..... 64 59» 62» 52¢ 
Hardness (Brinell) 
Hot Rolled....... 163 183 201 212 
Cold Worked.... 179 201 207 217 
Hard. & Temp 2128 230» 235» 277¢ 
Impact Str. . Markedly dependent on section size and processing details such as deoxidation practice, 
rolling practice, etc.—more so than other mechanical properties 
ae Re Se ery re Dependent on thermal and mechanical history, though not to the extent that impact strengths 


THERMAL TREATMENT 
Annealing Temp, F.... 
Hardening Temp, F¢ 

Tempering Temp. F... 





FABRICATING PROPERTIES 
Machinability Index (AIS! B1112 steel =100) 
AA TE la 
Hard. & Temp 


Weldability .. . 

















are. A conservative estimate of fatigue strength is 40-50% of tensile strength 











1550-1700 1500-1650 1450-1600 1450-1600 
1575-1650 1525-1600 1500-1575 1475-1550 
300-1350 300-1350 300-1350 300-1350 
a eee ee 6 ae pieantaligea ig 
| 
67 | 67 65 60 
55 | 55 55 | 50 





lene and submerged-melt. Preheat and postheat treatments frequently necessary 


Easily welded by all commercial procedures including gas, arc, bronze, thermit, oxyacety- 





CORROSION RESISTANCE 


Rusted by oxygen and water at room temperature, rate of attack increasing sharply as the 
pH goes above 4 and decreasing below a pH of 8. Dilute salt solutions increase corrosion 
rate. Atlacked by acids, in general, but satisfactorily resistant to alkalis at normal 
temperatures. Corrosion rate in ordinary rusting not appreciably affected by carbon or 


alloy content or by cold working 





AVAILABLE FORMS 


Can be furnished in all standard mill forms 





USES 





Shafts, brake shoe parts, gears, tie rods, brake and clutch pedals, truck rim side rings, 
sucker rods, connecting rods, shifter levers, pitman arms, flywheel rings, |-beam axles, 
crankshafts, camshafts, wheel hubs, pins, tools, plowshares, sway bars, mine bits, lock 
washers, bumper bars, springs. road scraper blades, scarifier teeth, grinding balls 





“l-in. round water quenched 1575,tempered at 1000 F 
°l-in. round water quenched 1550, tempered at 1000 F. 


bl-in. round water quenehed 1525 F, drawn at 1000 F. 
(Quenched in oil, water, or brine or caustic solutions. 
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Irons and Steels 


High Carbon Steels 






































EES fcasksicackcuanases eas 














AISI Type » C1055 C1060 C1070 C1080 C1095 
COMPOSITION, % C 0.50-0.60, Mn | C0.55-0.65, Mn | C0.65-0.75, Mn | C0.75-0.88, Mn | C0.90-1.05, Mn 
0.60-0.90, P 0.040 | 0.60-0.90, P 0.040 | 0.60-0.90, P 0.040 | 0.60-0.90, P 0.040 | 0.30-0.50, P 0.040 
max, S 0.050 max | max, S 0.050 max | max, S 0.050 max | max, S 0.050 max | max, S 0.050 max 
PHYSICAL. PROPERTIES 
ON Terre 0.283 0.283 0.283 0.283 0.283 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft.. 27 27 27 27 27 
Coef of Ther Exp (70-1200 F), per °F... 8.1 x 10-6 8.1 x 10-6 8.1 x 10-6 8.1 x 10-6 8.1 x 104 
ig DO 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 
Elec Res (68 F), microhm-cm ......... 18 18 18 18 18 
Ee Yes Yes Yes Yes Yes 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi........... 29-30 x 106 29-30 x 106 29-30 x 106 29-30 x 106 29-30 x 108 
Ten Str, 1000 psi 
Annealed (1450 F).................. 97 105 112 119 100 
EOE OCT S 109 116 128 141 142 
a oa avn cendedaeues 150 160* 174» 189> 180° 
Yid Str, 1000 psi 
CE Ee 52 54 60 66 53 
Ea a ae 65 70 77 84 84 
EE ey 105 112 127 142 118 
Elong (in 2 in.), % 
ERs bndngeseaceesaacseeda 24 20 17 | 15 21 
oe oo. hE EEE 19 17 15 12 9 
Nn a cdnceseawendhe 14 12 13 14 ll 
Red. of Area, % 
ee vccbvcsnnsccnceneed 47 44 34 22 42 
Ne oka ka d's 0's Sheva aes 38 36 27 17 18 
OE Aer 45 40 37 34 30 
Hardness (Brinell) 
a a ee 185 192 207 223 | 197 
ND 25 6 ouiet kad sbescccdesesi 235 241 267 293 293 
SP rer eer rere 307 321 354 388 | 375 
Impact Str (1z0d), ft-lb | 
MTEL ES AS 6 See sceevsesccdscess 22 15 1] 6 | s) 
EE td cs aed ecacasy ens; 18 13 g | 5 | 3 
EE ere e 22 15 13 10 | 5 
THERMAL TREATMENT 
Normalizing Temp, F................. 1525-1650 1525-1650 1525-1650 1525-1650 1525-1650 
Annealing Temp, F................... 1500-1575 1500-1575 1500-1575 1500-1575 1500-1575 
Hardening Temp, F.................-. 1450-1550 1450-1550 1450-1525 1450-1500 1430-1500 
Tempering Temp, F................--. 400-1300 400-1300 400-1300 400-1300 400-1300 
FABRICATING PROPERTIES 
Hot Working Temp Range, F........... 1550-1650 1550-1650 1550-1650 1550-1650 1550-1650 
Machinability Index (annealed)?....... 55 53 45 44 43 





High carbon content introduces difficulties in welding. Can be welded satisfactorily by thermit process. 





Welding by gas and arc methods is difficult, and resulting welds are only moderately satisfactory 





CORROSION RESISTANCE 


Rust when brought into contact with moisture and air at room temperature; rates not appreciably affected 
by carbon content. If salts are present, corrosion rate is increased. Attacked readily by acids, but resistant 
to alkalis at ordinary temperatures 





AVAILABLE FORMS 


Cold rolled strip, hot rolled strip, flat bars, forgings 





USES 





Heavy machine parts, such as shafts, braces and control rods; hand tools, including open-end and Stillson 
wrenches, hammers, pliers, screwdrivers, hatchets and axes; agricultural machinery parts, such as 
plowsheres, mold boards, disks for harrows, and mower knives; and flat and helical springs 





al-in. round, normalized 1650 F, reheated to 1550 F, oil quenched, tempered 700 F. 
bl-in. round, normalized 1650 F, reheated to 1525 F, oil quenched, tempered 700 F. 
el-in. round, normalized 1650 F, reheated to 1475 F, oil quenched, tempered 700 F. 


«Based on AISI B1112 stee] = 100. 
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Free-Cutting Steels 




















AISI Type* =» B1111, C1211 B1112, €1212 B1113, C1213 
COMPOSITION, % C 0.13 max, Mn0.60-0.90, | € 0.13 max, Mn0.70-1.00, | C0.13 max, Mn0.70-1.00, 
P 0.07-0.12, S 0.08-0.15 | P 0.07-0.12, S 0.16-0.23 | P 0.07-0.12, S 0.24-0.33 
PHYSICAL PROPERTIES 
it ci aawaeen we edeaas 0.283 0.283 0.283 
Thermal Conductivity (212 F), 
TE is bavudcdtectn andes 27 27 27 
Coef of Ther Exp (70-1200 F), per °F........ 8.4 x 10-6 8.4 x 10-6 8.4 x 10-6 
Specific Heat, Btu/Ib/°F...............0.6. 0.10-0.11 0.10-0.11 0.10-0.11 
Electrical Resistivity (68 F), microhm-cm..... 14.3 14.3 14.3 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi................. 29 x 108 29 x 108 29 x 106 
Tensile Strength, 1000 psi¢ 
ni oe) haga CARS 85-110 85-110 85-110 
1-In. Dia.. i, aap s Ohh hare 80-105 80-105 80-105 
SEE ES a 70-90 70-90 70-90 
Yield Strength, 1000 psi¢ 
ee a 75-100 75-100 75-100’ Aa. 
ISR, Ca ee ee 70-90 70-90 70-90 . ironed 
ee a 5 at gti d wkend 60-85 60-85 60-85 Steels 
Elongation (in 2 in.), %° 
Se hah phere elk es cae he den eae 10-20 10-20 10-20 
ee ere rer ee 12-22 12-22 12-22 
CS elas cc a's 10-20 10-20 10-20 
Reduction of Area, %° 
ers ok ci gad sd venrketed 30-50 30-50 30-50 
oni ik's caw sk ee erenmied 35-55 35-55 35-55 
2-In. Dia....... 30-50 30-50 30-50 
Hardness (Brinell) © 
%e-In. Dia..... PRN Raa ee B90-102> B90-102> B90-102> 
l-In. Dia. - 5 pieaneacn oR 163-229 163-229 163-229 
2-In. Dia.. 149-202 149-202 149-202 





| ' 





es ho ete ween pa eee 


I 0s ice ono 00 600 NO OA aa 


Relatively low impact strength at low temperatures; should not be used for shock 
loading applications at subzero temperatures 

Notch sensitive as cold drawn. Polished fatigue specimens will show expected 
values but poor finishing or processing of parts may cause low and erratic results 
for finished parts under dynamic or alternating stresses of relatively low intensity 





THERMAL TREATMENT 
eas ccceskonsreesesedcnnnat 


Case hardened for high surface hardness and good wear resistance where core 
properties not important Case hardness Rockwell C60-65 





Case Hardening Temp, F¢.................. 
LEE ee 


1450-1700 1450-1700 | 1450-1700 
300 300 300 





FABRICATING PROPERTIES 
Trius cchesdeccheiesevedntsces 


Not recommended for operations involving cold metal movement, such as crimp- 
ing, forming or bending 





I CRON sc nnsernccneseeconsee 
Machining Speed (avg), sfm..............5. 


90 100 125 
153 170 213 





AVAILABLE FORMS 


Cold drawn shapes 








USES 


Studs, nuts, festeners, sleeves, collars, spacers, dowels, rods, handles, levers 





®B1111, B1112, B1113 are bessemer steels. C1211, 
bRockwell hardness. 

cCold drawn. 

4Quench in water or oil. 

eBased on AISI B1112 Steel = 10U. 


C1212, C1213 are basic open hearth steels, 
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lrons and Steels 


Manganese Steels 












































AISI Type > 1320 1321 1330 | 1335 1340 
| | 
COMPOSITION, % C 0.18-0.23, Mn | C 0.17-0.22, Mn | C 0.28-0.33, Mn | C 0.33-0.38, Mn | C 0.38-0.43, Mn 
1.60-1.90, Si0.20- | 1.80-2.10, Si0.20- | 1.60-1.90, Si0.20- | 1.60-1.90, Si0.20- | 1.60-1.90, Si 0.20- 
0.35, P 0.040 max, | 0.35, P 0.050 max, | 0.35, P 0.040 max, | 0.35, P 0.040 max, | 0.35, P 0.040 max, 
S 0.040 max S 0.050 max | $ 0.040 max S 0.040 max S 0.040 max 
PHYSICAL PROPERTIES 
Density, Ib/cu in.. 0.283 0.283 0.283 0.283 0.283 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft. 27 27 27 27 27 
Coef of Ther Exp ond F), per °F. . 7.9 x 10-6 7.9 x 10 7.9 x 10-8 | 7.9 x 10- 7.9 x 10-6 
Spec Ht, Btu/Ib/°F . ~ Saal See 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 
Elec Res (68 F), microhm-c re 17 17 17 17 17 
Magnetic? roe ee CETETEREPE CELLS Yes Yes Yes Yes Yes 
MECHANICAL PROPERTIES* 
Mod of Elast in Tension, psi.......... 29-30 x 106 29-30 x 10° | 29-30x 10° | 29-30x 106 29-30 x 106 
Ten Str, 1000 psi | 
Sr rere 84 90 97 | 104 110 
ey oii OR Gains dbsacen alee 102 107 113 119 — 
er 100 _ 122¢ 1264 1374 
Yld Point, 1000 psi 
Annealed..... Se 72 80 83 90 94 
irs kG aiiatain aaccmeten 80 87 93 | 100 - 
nr rrr 73.5 — 100 105 118 
Elong (in 2 in.), % | 
ee. aes din ve denies Oi 24 22 21 19.5 18 
Ss coe db Coad ag 20 18 15 14 — 
sk andanmen eel 28 — 19 | 20.5 19 
Red. of Area, % 
is sda sn sd vdadcavedes 60 58 57 55 54 
sii igo ca ktadadliencs 57 55 50 47 — 
I bats cd vihow v'eaias al 65 — 52 | 59 55 
Hardness (Brinell) 
re 179 187 197 212 223 
sien sv'uvs'a's@aa nea 207 212 235 248 — 
PUM cscs ceccctccccaun 217 — 248 262 285 
Impact Str (Izod), ft-lb 
Ee eee — 52 
ora aan 5 80 56 
THERMAL TREATMENT 
Annealing Temp, F................... 1500-1600 1500-1600 1500-1600 1500-1600 1500-1600 
Hardening Temp, F................... 1575-1625 1575-1625 1500-1575 1560-1550 1500-1550 
FABRICATING PROPERTIES — | 
Machinability Indexe | 
(annealed or cold drawn)............ 65 63 62 | 62 59 
Weldability......... Ce EOS Manganese i increases crack sensitivity of welded joints. oiiendedty when this sensitivity is associated 
with higher carbon contents. Welding practice must be controlled accordingly 
CORROSION RESISTANCE Rust at rates similar to those of carbon steels when brought into contact with moisture and air. If salts 
are present, corrosion rates are increased. Attacked readily by acids, but resistant to alkalis at ordinary 
temperatures 
AVAILABLE FORMS Billets, hot rolled bars, cold finished bars, forgings 
USES Automotive, farm implement and miscelianeous industrial applications, including axles, drive shafts, 
propeller shifts, bolts, studs, gears and tie rods 





aMechanical properties determined on 1-in. round bars. 


bPseudo-carburized at 1700 F for 8 hr, oil quenched, tempered at 300 F, reheated at 1475 F. 


cWater quenched from 1525 F, tempered at 1000 F. 
dOil quenched from 1525 F, tempered at 1000 F. 
eBased on AISI B1112 steel = 100. 
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Nickel Steels 



























































AISI Type > 2317 2330 2512 | 2515 2517 
OMPOSITION, % C 0.15-0.20, | C 0.28-0.33, | C 0.09-0.14, | C 0.12-0.17, | C 0.15-0.20, 
Mn 0.40-0.60, | Mn 0.60-0.80, | Mn 0.40-0.60, | Mn 0.40-0.60, | Mn 0.40-0.60, 
Si 0.20-0.35, | Si 0.20-0.35, | Si 0.20-0.35, | Si 0.20-0.35, | Si 0.20-0.35, 
Ni 3.25-3.75 | Ni 3.25-3.75 | Ni 4.75-5.25 | Ni 4.75-5.25 | Ni 4.75-5.25 
PHYSICAL PROPERTIES | 
IG vc sb avecesee sens. 0.283 0.283 0.283 0.283 0.283 
es dei ic tae a tite WEG gk ehaiecae Kaw enee ences 2620 2600 2620 2615 2610 
Ther Cond (120 F), Btu/hr/sq ft/°F /ft................ 38.3 38.3 34.5-38.5 | 34.5-38.5 34.5-38.5 
Coef of Ther Exp, per °F 
Oto 200F........ ~ Picea 6.2 x 10-6 6.2x10* | 60x10 | 60x10 6.0 x 10-* 
0to1200F.......... eect 8.0 x 10-* 8.0x1l0* | 7.8x10* 7.8 x 10-* 7.8 x 10-* 
Spec Ht (68-212 F), Btu/Ib/°F.............. 0.11-0.12 0.11-0.12 0.11-0.12 0.11-0.12 0.11-0.12 
Elec Res (annealed), microhm-cm 
SS fal Stat wal ile cx soe uyndeiseneiadasahedes 28.4 28.4 | 27-29 27-29 27-29 
| aa aT Og ee eg oer. A. 46.8 46.8 — — — 
ies s a Fda kde ritadinnn eh cvenacedanensueted Yes Yes | Yes Yes | Yes 
MECHANICAL PROPERTIES* | | 
Mod of Elast in Tension, psi. 29-30 x 10° 29-30 x 10° | 29-30 x 108 29-30 x 106 | 29-30 x 10¢ 
Ten Str, 1000 psi 
Hot Rolled...... 8] 97 86 90 92 
i. oa x 50s x a biwivds vba eee 77 90 77 80 82 
Cold Drawn......... 95 110 _ 103 — 
Hard. & Temp (1000 F)®. . 107 125 105 113 120 
Yid Str, 1000 psi 
ree Ch a.) g.clatle inn i yi¥0.0 eeice wNRMd a 55 67 62 67 70 
ERE SAD > a a a 53 64 61 63 | 65 
ry ct aay Lg wdidea Kanan 75 90 — 75 — 
NT 72 96 85 94 100 
Elong (in 2 in.), % | 
sg rs Sea Doles Oke eee oa 29 24 28 26 | 26 
Annealed........ 31 27 30 25 29 
i kos i ines beh cvhanadawavads 25 17 - 24 — 
Hard. & Temp (1000 F)>........ 27 22 28 | 25 | 22 
Red. of Area, % 
Hot Rolled... . 62 51 70 67 65 
is a 6 0:0 6 KBE s wiv necectedate Sear 61 54 72 71 | 10 
ole ary lk llth 58 47 ~~ 62 | — 
TD 71 60 73 69 66 
Hardness (Brinell) | | 
Hot Rolled... 160 195 170 180 184 
Annealed... . 152 180 157 160 162 
ER a a 197 235 _ 207 — 
Hard. & Temp (1000 F)>... 0... ee, 222 270 217 233 244 
Impact Str (Izod, hard. & temp at 1000 F)>, ft-lb............. 84 55 | 95 85 80 
THERMAL TREATMENT | 
ee ee es as bnew 1550 1500 | 1525 1500 1500 
ee 1550 1500 | 1525 1500 1500 
ag a 1475 1450 | 1475 1475 1475 
—— | } 
FABRICATING PROPERTIES | | 
a 2300 2250 2300 2300 2300 
ed uo cc teins dal chad dueewee eas cade 55 | 50 _ 40 | _ 
5 asks andes nave Wailnwndeucadanh Good | Good Good Good | Good 
CORROSION RESISTANCE Better corrosion resistance than plain carbon steels 
AVAILABLE FORMS Usually supplied as bar stock | Usually supplied as bar stock, tubing or forg- 
or forgings, but can be ob- | ings, but can be obtained in all steel mill forms 
tained in all steel mill forms 
USES Carburized| Shafting, | Heavy duty carburized parts such as aircraft 
parts; gears, | heavy forg- | gears and piston pins. Uncarburized, used for 
cams ings, gears | corrosion resistant process equipment 








* For design purposes, fatigue strength is approximately 50% of tensile strength. 
Shear strength is about 5 to 10% less than tensile strength. 
> Properties after heat treatment are based on oil quench and 1-in. round bars. 
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Compressive yield strength is about equal to tensile yield strength 


¢ Based on AISI B1112 steel = 100 
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Carbon-Molybdenum Steels 
AISI Type » 4023 4032 4042 4053 4063 
COMPOSITION, % C 0.20-0.25, Mn| C 0.30-0.35, Mn| C 0.40-0.45, Mn|C 0.50-0.56, Mn | C 0.60-0.67, Mn 











0.20-0.30 
PHYSICAL PROPERTIES 
8 eee 0.283 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft.. 27 
Coef of Ther Exp (70-1200 F), per °F... 8.3 x 10-6 
TY a 0.10-0.11 
Elec Res (68 F), microhm-cm..... 19 
ed Sdn ds cond pk 4048 ake Yes 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi.......... 29-30 x 10° 
Ten Str, 1000 psi 
Annealed, Cold Drawn.............. 88 
Cold Drawn........... ee ee 90 
oe in cc ca ehaens 68 120, 108» 
Yld Point, 1000 psi 
Annealed, Cold Drawn............. 76 
Ee eee 75 
cis kay st hckes Kas 85", 64! 
Elong (in 2 in.), % 
Annealed, Cold Drawn............. 22 
ccc ccesesccccvus 21 
a ocik a sk-v sin vienane 20, 21» 
Red. of Area, % 
Annealed, Cold Drawn.............. 57 
Ee ee : 55 
Hard. & Temp............ 538, 54% 
Hardness (Brinell) 
Annealed, Cold Drawn.............. 179 
Cold Drawn........... peach Barts cle 183 
Se 255%, 229> 


Fatigue Str, 1000 psi................. 





0.20-0.30 


0.283 
27 
8.3 x 10-6 
0.10-0.11 
19 


| Yes 
| 
| 29-30 x 10° 
" 92 
104 
210°, 1404 


79 
| 89 
| 182¢, 1284 


20 
17 
Ile, 184 


54 
5] 
49°, 634 


192 
217 
415¢, 3024 


0.70-0.90, P 0.040 | 0.70-0.90, P 0.040 
max, $ 0.040 max, | max, $ 0.040 max, 
Si 0.20-0.35, Mo | Si 0.20-0.35, Mo 


| 


i 


0.70-0.90, P 0.040 
max, S 0.040 max, 


0.75-1.00, P 0.040 
max, S 0.040 max, 





0.75-1.00, P 0.040 
max S$ 0.040 max, 
Si 0.20-0.35, Mo 
0.20-0.30 





| 
| 


0.283 
27 
8.3 x 10-6 
0.10-0.11 
19 


Yes 











Si 0.20-0.35, Mo} Si 0.20-0.35, Mo 
0.20-0.30 0.20-0.30 
0.283 0.283 
27 27 
8.3 x 10-6 8.3 x 10-6 
0.10-0.11 0.10-0.11 
19 19 
Yes Yes 
29-30 x 108 29-30 x 106 
96 102 
117 127 
235¢, 158° 2502, 1655 
82 | 88 
101 108 
210¢, 140! 223+, 1504 
19 18 
16 14 
10¢, 15 12¢, 165 
53 51 
49 45 
42¢ 60! | 40«, 56» 
202 212 
241 262 
46le, 302° 495, 3525 


29-30 x 108 


109 
137 
269, 173: 





| 94 
115 
231i, 150i 


16 
13 
8i, 13) 





48 
| 40 
153, 40) 


223 
277 
| 534%, 380: 





Endurance limit is proportional to tensile strength in same ratio as in other low alloy steels. Below 400 
Bhn, ratio is about 50%; at higher hardness, endurance limit is about 45% of tensile strength 








THERMAL TREATMENT | 
Anneating Temp, F.............000.. 1650 1550-1600 | 1525-1575 1450-1550 1450-1550 
Hardening Temp (oil quench), F........ k | | 1500-1575 1475-1550 1475-1550 
FABRICATING PROPERTIES | | 
Machinability Index (AIS! B1112 =100) . 73 70 65 56 52 


ARSC Ack dénacabeseesee4 











or postheating may 


be required 


Can be welded by procedures used for carbon steels. Molybdenum increases hardenability; preheating 





CORROSION RESISTANCE 


Similar to carbon steels 





USES 


Automotive parts 
such as counter- 
shafts, transmis- 
sion shafts, spline 
and differential 





gears 


Automotive trans- 
mission gears and 
pinions, bolts 








Leaf and coil springs, bolts, axles, 
steering arms and knuckles. Hand tools 
such as screw drivers 





Leaf and coil 
springs. Hand tools 
such as chisels 





*]-in. round pseudo-carburized 8 hr at 1700 F, oil quenched, tempered 1 hr at 300 F. 
bSame as *® but reheated at 1475'F, oi] quenched. 


¢Water quenched from 1525 F, tempered at 600 F. 
eOil quenched from 1500 F, tempered at 600 F. 
gsOil quenched from 1475 F, tempered at 600 F 

{Oil quenched from 1450 F, tempered at 600 F. 


dWater quenched from 1525 F, tempered at 1000 F. 
fOil quenched from 1500 F, tempered at 1000 F. 
hOil quenched from 1475 F, tempered at 1000 F. 
jOil quenched from 1450 F, tempered at 1000 F. 


kCarburize 1650-1700 F; quench fine grained steels directly from carburizing temperature. : ; 
1Carburize 1650-1700 F; quench fine grained steels directly from carburizing temperature. Water quench from 1500-1550 F if not carburized. 
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Nickel-Chromium-Molybdenum Steels (4300) 
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AISI Type »> 4317 4320 4337 4340 
COMPOSITION, % C 0.15-0.20, Mn 0.45- | C 0.17-0.22, Mn 0.45- | C 0.35-0.40, Mn 0.60- | C 0.38-0.43, Mn 0.60- 
0.65, Ni 1.65-2.00, Cr} 0.65, Ni 1.62-2.00, Cr | 0.80, Ni 1.65-2.00, Cr | 0.80, Ni 1.65-2.00, Cr 
0.40-0.60, Mo 0.20-0.30 | 0.40-0.60, Mo0.20-0.30 | 0.70-0.90, Mo0.20-0.30 | 0.70-0.90, Mo0.20-0.30 
PHYSICAL PROPERTIES 
Ns 5 a's a's dainsg inane 0.283 0.283 0.283 0.283 
I is nnn diss oid nis ai ons + 4 2750 2750 2740 2740 
Ther Cond (120 F), Btu/hr/sq ft/°F/ft.... 21.7 21.7 21.7 | 21.7 
Coef of Ther Exp, per °F 
i eed sis oped 6.3 x 10-6 6.3 x 10-6 6.3 x 10-6 6.3 x 10-6 
is i 6s toda ceeewaekaeeke 8.1 x 10-6 8.1 x 10-6 8.1 x 10-6 8.1 x 10-6 
0 Se Terre re 0.107 0.107 0.107 0.107 
Elec Res, microhm-cm 
Se gina hath can e¥iues ckeees nit 30 30 30 30 
Te ee 5 delet au ale 48 48 48 48 
ob ch etcide vanadsseceiasseed Yes Yes Yes Yes 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi........... 29-30 x 106 29-30 x 10° 29-30 x 106 29-30 x 108 
Ten Str, 1000 psi > 
seid eck uecaue eas 122 134 180 192 
Annealed............. yy ee 95 98 115 119 
SENS, ng. ccc scscesenwens 160 180» 140°, 2104 150°, 2204 
Yid Str, 1000 psi 
ES es chi ksaadbesdosene 99 102 141 147 
il. iv ayo w ae beuh ue ke 77 89 96 99 
a rr 130° 154» 120°, 1904 130¢, 2004 
Elong (in 2 in.), % 
ee 19 17 ll 9 
ens cc cncacsaddadinawas 25 23 19 17 
STM. gcse wccdececaes 17> 15> 21¢, 144 19°, 124 
Red of Area, % 
As Rolled... 47 43 21 19 
Annealed ..... 54 52 45 43 
Hard. & Temp* 57> 50> 59°, 504 57°, 484 
Hardness (Brinel!) | 
DN ds ac 4eesedisteues 250 265 365 | 380 
ees se ke wink’ 185 195 230 240 
Hard & Temp*................. 320° 360» 300°, 4354 310°, 4454 
Impact Str (Izod, hard. & temp*), ft-lb .. 40> 32> 75°, 184 73°, 164 
FABRICATING PROPERTIES | 
Annealing Temp, F.................... 1550-1600 1550-1600 1550-1600 1550-1600 
Hardening Temp, F............... ¥ 1525-1575 1525-1575 1475-1550 1475-1550 
Max Hot Working Temp, F.............. 2300 2300 2300 2300 
Machinability Indexe.......... on sibs 55 51 51 | 51 
ES ela All grades readily weldable by oxyacetylene, inert arc and electrical resistance methods. Preheating 
desirable for AIS! 4337 and 4340 
CORROSION RESISTANCE Better corrosion resistance than plain carbon steels 
AVAILABLE FORMS Usually supplied as bars, forgings, tubing and billets, but can be obtained in all steel mill forms 
USES Heavy duty carburized parts such as gears, | Heavy duty, high strength applications, particu- 
bearing races larly in sections over about 1% in. thick. Gears, 
aircraft tubing, shafts, heavy forgings, churn 
drills 





*Properties after heat treatment are based upon oil quench and l-in. round bars. 


bThese are core properties of pseudo-carburized 1-in. bars, tempered at 300 F. 
cTempered at 1200 F. 





adTempered at 800 F. 
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Chromium-Vanadium Steels 





AISI Type » 





COMPOSITION, % 





PHYSICAL PROPERTIES 
ee 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft 
Coef of Ther Exp (70-1200 F), per °F... . 
ge 
Elec Res (68 F), microhm-cm. . . . + 
eee 





MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi... . 
Ten Str, 1000 psi 
TT eee 
ee 
Yid Str, 1000 psi 
Normalized......... haatecs 
a 
Elong (in 2 in.), % 
' Normalized. ..... 
: Hard. & Temp... 
Red. of Area, % 
Normalized......... 
Hard. & Temp...... 
Hardness (Brinell) 
aida) bn'vs evade ans 
Hard. & Temp...... 
Impact Str (Izod), ft-ib 
a 
I docs is pad aiteeires 


Fatigue Str..... 

















6120 6145 6150 6152 
C 0.17-0.22, Mn 0.70- | © 0.43-0.48, Mn 0.70- | C 0.48-0.53, Mn 0.70- | C 0.48-0.53, Mn 0.70- 
0.90, Si 0.20-0.35, Cr | 0.90, Si 0.20-0.35, Cr | 0.90, Si 0.20-0.35, Cr | 0.90, Si 0.20-0.35, ¢; 
0.70-0.90, V 0.10 min | 0.80-1.10, V 0.15 min | 0.80-1.10, V 0.15 min | 0.80-1.10, V 0.10 min 
0.283 | 0.283 0.283 | 0.283 
27 27 27 27 
8.1 x 10-6 8.1 x 10° 8.1 x 10-6 8.1 x 10-6 
0.10-0.11 0.10-0.11 0.10-0.i1 0.10-0.11 
21 21 21 21 
Yes Yes Yes Yes 
29-30 x 10° 29-30 x 10° 29-30 x 108 29-30 x 106 
85 115 158 " 
105*, 125» 176°, 1364 187°, 1444 151° 
50 75 88 _ 
71*, 94> 169°, 1304 179¢, 138" 125¢ 
35 24 23 _ 
19* 21” 16°, 224 13¢, 184 16° 
67 64 62 - 
37, 56» 52¢, 584 42°, 534 54e 
185 216 240 
‘ 429¢ 3114 444c¢ 3634 
102 31 — 
25%, 28» 20°, 874 13¢, 634 





Endurance limit is proportional to tensile strength in the same ratio as in other low alloy steels. Below 
400 Bhn the ratio is about 50%, and at higher hardnesses it is 45-48% of the tensile strength 











THERMAL TREATMENT 
Normalizing Temp, F... 
Hardening Temp, F.... 
Tempering Temp, F.. 





FABRICATING PROPERTIES 
RS dete pdiiss sé i 6s0nccees 


Machinability Index‘ 
i ESE ere 
Normalized......... 


Weldability. . . 


: aa 


1650-1700 1600-1650 1600-1650 | 1600-1650 


| 
| 
1600-1650 | 1550-1650 1550-1650 | 1550-1650 

375-1200 | 450-1200 450-1200 | 450-1200 





Similar to other alloy steels of low chromium content. Hot working temperatures are limited not by 
brittle ranges but by degree of malleability required for the specific application. Because of stiffening, , 
cold working is somewhat more difficult than with carbon steels 





27 22 24 24 
46 | 27 26 26 





Weldable by all commercial welding procedures, the difficulty of welding increasing with carbon 
content. Preheating and postheating treatments sometimes necessary 





CORROSION RESISTANCE 


Similar to carbon steels. Chromium content too low to have appreciable influence on rate of corrosion 





AVAILABLE FORMS 


Available in all standard mill forms 





USES 


Carburized gears, | Crankshafts, connecting rods, bevel and spur gears, shafts, springs, axles, 
shafts. piston pins and | pins 
bushings. Nitrided and 





carbonitrided parts 





aTypical core properties; carburized 16 hr 


bSame as 2 but oil quenched from 1525 F. 


cNormalized at 1600 F, oil quenched from 
dSame as ¢ but tempered at 1200 F. 


at 1680 F, pot cooled, oil quenched from 1425 F, tempered at 300 F. 


1575 F, tempered at 1000 F. 


eOil quenched from 1575 F, tempered at 1000 F. 


fBased on AISI B1112 steel — 100. 
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Nickel-Chromium-Molybdenum Steels (8600, 8700) 

































































AISI Type » 8620, 8720 8630 | 8640, 8740 8650, 8750 
‘OMPOSITION, % C 0.18-0.23, Mn 0.70- | C 0.28-0.33, Mn 0.70- | C 0.38-0.43, Mn 0.75- | C 0.48-0.53, Mn 0.75- 
0.90, Ni 0.40-0.70, Cr | 0.90, Ni 0.40-0.70, Cr | 1.00, Ni 0.40-0.70, Cr | 1.00, Ni 0.40-0.70, Cr 
0.40-0.60,Mo00.15-0.25 | 0.40-0.60,Mo0.15-0.25 | 0.40-0.60,Mo00.15-0.25 | 0.40-0.60,Mo0.15-0.25 
(8620),0.20-0.30(8720) (8640),0.20-0.30(8740) | (8650),0.20-0.30(8750) 
PHYSICAL PROPERTIES | 
Ns i 5d scecsenedenwun dens 0.283 0.283 0.283 0.283 
EE io dabictiveasackuedtan 2755 2750 2745 2745 
Ther Cond (120 F), Btu/hr/sq ft/°F /ft ... 21.7 21.7 21.7 21.7 
: Coef of Ther Exp, per °F | | 
LS Sis avg eve ad Geneevewas 6.45 x 10-6 6.45 x 10-6 6.45 x 10 6.45 x 10-¢ 
: eee ea in ds aoa cede ails 8.25 x 10-6 8.25 x 10° 8.25 x 10-6 | 8.25 x 10-6 
3 a are 0.107 0.107 0.107 0.107 
a Elec Res, microhm-cm 
; Ne aie xxl seeneaoawel 30 30 30 | 30 
: creck iwheadesaeddaeeiwes 48 48 48 | 48 
: Magnetic? fe Sd a gl Yes Yes Yes | Yes 
ca ee iit 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, psi............. 29-30 x 10° 29-30 x 10° 29-30 x 10° 29-30 x 106 
Ten Str, 1000 psi | , 
gcc data jiiuusneddnna’s 94 112 | 130 | 149 
BE 6 ibshvancccinisardovcnsas 91 109 | 126 | 143 
ER PCr To rere 77 86 95 105 
Hard. & Temp (800 F)*............... 122, 96 162, 111» | 208, 130» 214, 136» 
Yid Str, 1000 psi 
hss sccoipsaccapessiceei 61 73 | 85 96 
EE eS ink a cagiaelbuwade 65 78 | 90 101 
nate csc ven atearin 51 58 63 70 
i Hard. & Temp (800 F)*............... 98, 76> 142, 92» | 183, 110» 194, 116 
Elong (in 2 in.), % 
: Ra 29 23 | 18 ll 
i ERR 29 | 25 | 20 17 
ES re ee 32 29 | 27 23 
Hard. & Temp (800 F)*............... 21, 26 | 14, 23> | 13, 21> 12, 21» 
Red. of Area, % | 
4 Normalized...... hada neismiamatanicinetl 61 52 | 45 36 
As Rolled........ eer eT hen) See 56 48 40 31 
Eee ye aint 64 59 55 50 
Hard. & Temp (800 F)*.. ... 63, 70» | 54, 66> 43, 60> | 41, 61» 
Hardness (Brinell) | 
ESE RE RES or 190 225 262 300 
: Sede oeiss ae naaieaeertiente ks 185 220 244 | 290 
RE eee Pe 163 174 193 | 210 
Hard. & Temp (800 F)*............... 245, 193 325, 225> 420, 262» | 423, 271» 
Impact Str (Izod, hard. & temp at 
dns 560s ivadaveleaceues 76, 105> 42,91» 18, 68> | — 
FABRICATING PROPERTIES 
Annealing Temp, F.................068: 1550-1600 1550-1600 1550-1600 1550-1600 
Hardening Temp, F...............2.00:- 1525-1575 1525-1575 1500-1550 1475-1550 
Max Hot Working Temp, F............... 2200 2200 2200 2150 
Machinability Indexe.................... 574 6le 55e 45e 
RE Oy Oe a eee S Readily weldable by oxyacetylene, inert arc and electrical resistance methods. Preheating desirable 
for grades with more than 0.30% carbon content 
CORROSION RESISTANCE Better corrosion resistance than plain carbon steels 
AVAILABLE FORMS Usually supplied as bars, forgings, tubing or billets; sometimes in other steel mill forms 
USES Medium duty carburized parts such as gears, | Medium duty, high strength applications, par- 
cams, bearing races ticularly in sections not over approx 2 in. thick. 
Gears, bolts, aircraft tubing, hand tools, shafts, 
forgings 








*Based on AISI B1112 steel = 100. 





*Properties after heat treatment are based upon an oil quench and 1-in. round bars. 
dAs rolled. eAnneaied, 


bTempered at 1200 F. 
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Manganese-Silicon and 


Manganese-Nickel-Chromium-Molybdenum Steels 





AISI Type » 


9255 9261 


9440 


| 


| 9450 





COMPOSITION, % 


C 0.50-0.60, Mn 0.70- | C 0.55-0.65, Mn 0.75- 
0.95, Si 1.80-2.20 | 1.00, Si 1.80-2 20, Cr 





| 
| 
| 
| 
| 
| 


C 0.38-0.43, Mn 0.90- | C 0.43-0.48, Mn 1.00- 
1.20, Si 0.20-0.35, Ni | 1.30, Si 0.20-0.35, Ni 


























nk cet eved avis tunbnareee 








| 0.10-0.25 | 0.30-0.60, Cr0.30-0.50, | 0.30-0.60, Cr 0.30-0.50, 
| | Mo 0.08-0.15 | Mo 0.08-0.15 
PHYSICAL PROPERTIES | | | 
eee 0.283 9.283 0.283 0.283 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft.... 27 27 27 | 27 
Coef of Ther Exp (70-1200 F), per °F..... 8.1 x 10-6 8.1 x 10-6 8.1 x 10-6 8.1 x 10-6 
ie es ons ge a 0.10-0.11 0.10-0.11 0.11-0.12 0.11-0.12 
Elec Res (68 F), microhm-cm............ 19 | 20 20 20 
ARES eer Tere Yes | Yes | Yes Yes 
| | 
MECHANICAL PROPERTIES | | ; 
Mod of Elast in Tension, psi............ 29 x 108 29 x 108 | 29 x 108 | 29 x 108 
Ten Str, 1000 psi | 
eee 1328 | 150¢ 115¢ 158e 
Hard. & Temp (800 F)............... 232» | 2584 | 192£ | 2106 
Hard. & Temp (1200 F).............. 144 | 1484 1208 | 132« 
Yid Str, 1000 psi | | 
ee es sc 4 a eas 90 80 | 74 110 
Hard. & Temp (8C0 F)............... 215 226 179 192 
Hard. & Temp (1200 F).............. 118 125 102 120 
Elong.(in 2 in.), % | | 
SIE ee 18 15 | 24 | 15 
Hard. & Temp (800 F)................ g | 10 | 15 | 12 : 
Hard. & Temp (1200 F)............... 20 18 | 23 | 20 : 
Red. of Area, % | | | | 
_ 38 | 30 | 90 | 30 
Hard. & Temp (800 F)................ 21 | 30 56 48 : 
Hard. & Temp (1200 F)............... 42 | 40 67 | 57 z 
Hardness (Brinell) : 
Sess 5 bia eumae 277 311 235 331 
Hard. & Temp (800 F)............... 477 514 388 429 
Hard. & Temp (1200 F)............... 285 311 248 285 
Impact Str (Izod), ft-lb | | id 
| es 12 | 5: 48 8 
Hard. & Temp (800 F)................ 6 | 12 35 14 : 
Hard. & Temp (1200 F)............... 22 | 35 99 | 12 
THERMAL TREATMENT | , 
Normalizing Temp, F................... 1625-1675 1600-1650 1575-1625 1575-1625 4 
ES 1500-1650 1500-1650 1500-1550 1500-1550 
FABRICATING PROPERTIES 
Hot Working Temp Range, F............. 1750-2175 1750-2175 1750-2175 1750-2175 
Machinability Index (AIS! B1112 
List lasiecesenpnys 38 36 42 | 40 





Welding not normally recommended because 
high carbon and silicon contents introduce diffi- 
culty 





High carbon content introduces difficulty in 
welding. With special techniques and electrodes, 
satisfactory arc welds can be made 





CORROSION RESISTANCE 


Better than plain carbon steels in industrial atmosphere and about the same when continuously 
exposed to moisture. If salts are present, corrosion is increased. Attacked readily by acids, but 


resistant to alkalis at ordinary temperatures 





AVAILABLE FORMS 


Billets, bars, forgings 





USES 





Coil and flat springs, lock washers, axes, chisels, 
hand tools, diesel engine connecting rod bolts, 
collets for machine tocls 


Not in general use today. Formerly used for 
automotive, diesel engine and aircraft parts; 


bclis; chzin; gears 





aNormalized at 1650 F. 
cNormalized at 1600 F. 
eNormalized at 1600 F. 
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bNormalized at 1650 F, reheated to 1625 F, quenched in agitated oil. 
dNormalized at 1600 F, reheated to 1575 F, quenched in agitated oil. 
‘Normalized at 1600 F, reheated to 1525 F, quenched in agitated oil. 
sNormalized at 1600 F, reheated to 1500 F, quenched in agitated oil. 





Chromium-Manganese Stainless Steels 















































AISI Type »> 201 202 
COMPOSITION, % C 0.15 max, Mn 5.5-7.5, Cr 16.0-18.0, | C 0.15 max, Mn 7.5-10.0, Cr 17.0-19.0, 
Ni 3.5-5.5, N 0.25 max Ni 4.0-6.0, N 0.25 max 
PHYSICAL PROPERTIES 
Nos coc ccaddedcossaaes 0.28 0.28 
Ther Cond (68-212 F), Btu/hr/sq ft/°F /ft 9.4 9.4 
Coef of Ther Exp, per °F 
32 to 200 F ....... 8.78 x 10-6 -- 
32 to 600 F....... 9.7 x 10 10.2 x 10-6 
| 10.1 x 10-6 10.6 x 10-6 
| Ferre — 11.3 x 10-6 
Specific Heat, Btu/Ib/°F................ 0.12 0.12 
Electrical Resistivity (68 F), microhm-cm. . 69 69 
‘ SS ae eee eee No No 
: Magnetic Permeability (max)........... 1.02 1.02 
4 MECHANICAL PROPERTIES 
‘ Mod of Elast in Tension, psi........ 28.6 x 106 28 x 10 
Tensile Strength, 1000 psi 
Annealed* 
Tested at Rm Temp....... 115, 114, 95» 105, — 
Tested at 1200 F..... —, 50 - 
Tested at 1400 F... —, 37 
Cold Worked ¢ 
Quarter Hard....... 125 — 
a 150 -~- 
Yield Strength, 1000 psi 
Annealed* 
Tested at Rm Temp 55, 53, 47 55, — 
Tested at 1200 F........... —, 21 ~~ 
Tested at 1400 F..... —, 19 - 
i Cold Worked ¢ 
y Quarter Hard........ 15 - 
p Half Hard......... 110 
Elongation (in 2 in.), % 
Annealed* 
i Tested at Rm Temp 55, 57, 60» 55 
i Tested at 1200 F. . —, 36 ~ 
4 Tested at 1400 F. . —, 38 - 
Cold Worked ¢ 
Quarter Hard..... 25 
Half Hard et eA eee 15 
fn Hardness (Rockwell, annealed)......... B90 B90 
Rupture Stress (annealed, 1000 hr), 1000 psi 
4  . eae sey 22.0 - 
|: | | ea 2 errr 7.0 
THERMAL TREATMENT 
RE a 1850-2050 1850-2050 
FABRICATING PROPERTIES | 
Hot Working Temp Range, F... 2100-2250 2100-2250 
a ne ee Moderate; similar to type 301 | Good; similar to type 302 
CL RE a ere Good Good 
Ae eer eet rer ee Similar to type 301; normally spot | Similar to type 302 
welded 
CORROSION RESISTANCE Good; similar to type 301 | Good; similar to types 302, 304 
AVAILABLE FORMS Sheet, strip, some bar Rod, bar, sheet, strip, plate 
USES Alternate for type 301, but tests | Alternate for type 302, but tests 
should be made if severe corrosion | should be made if severe corrosion 
conditions exist conditions exist 








b Welded and annealed. 






« Where two values are given, they represent sheet and bar respectively. 
¢ Minimum value for sheet tested at room temperature. 
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MATERIALS SELECTOR ISSUE, 





Irons and Steels 


Austenitic Stainless Steels 








AISI Type » 


301 


302 


303 


304 , 304 ELC 





COMPOSITION, % 





PHYSICAL PROPERTIES 
Ra vos cccescccscvess a 
Melting Point Range, F............... ” 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft... 
Coef of Ther Exp (32-212 F), per °F... . 
Spec Ht (32-212 F), Btu/Ib/°F.......... 
Elec Res (68 F), microhm-cm......... , 





MECHANICAL PROPERTIES» 
Mod of Elast in Tension, psi 
Ten Str, 1000 psi 

SS ere eee 

RIE, csc ce enc sceccsacs 
Yid Str, 1000 psi 

ee 

a 
Elong (in 2 in.), % 

EE eee 

od as os vkanice does en's 
Red. of Area, % 


Annealed............ Estee Baal ee 
Se 


Hardnesse 


| ES 
a es wedueaeees 


Impact Str (Izod), ft-Ib 


cca cXSieces vieiesde 


Cold Worked........ 


Endurance Limit, 1000 psi 
SE eee 


NL IES Cine. oh dbuecsyseiuws dans 





FABRICATING PROPERTIES 


Annealing Temp, Ff.................... 
Forging Temp (start), Fe................ 
GE ET eer 


NE resin ded viwewies cxsewows 


C 0.08-0.20, Mn 2 max, 
Si 1 max, P 0.04 max, 
S 0.03 max, Cr 16-18, 
Ni 6-8 


0.29 
2550-2590 
9.4 
9.5 x 10-6 

0.12 
72 


28.0 x 106 


110, 105, — 
185, —, — 


40, 40, — 
a 


60, 55, — 
, 


— 


Ress, —, — 
Re41, —, — 


—, 165, — 


1850-2050 
2200 


Very good 











CORROSION RESISTANCE 





AVAILABLE FORMS 





USES 


Very good atmosphere 
resistance; slightly less 
than type 302 





C 0.08-0.20, Mn 2 max, 
Si 1 max, P 0.04 max, 
S 0.03 max, Cr 17-19, 
Ni 8-10 





0.29 | 
2550-2590 

9.4 
9.9 x 10-5 

0.12 


72 | 


28.0 x 108 


90, 90, 85 
—,—, 110¢ 


40, 35, 35 
© oa 75¢ 


50, 60, 60 
oe 35° 


—, 70, 70 
ah oe 60¢ 


Re85, Re80, 150 
oe 240° 


—, 110, 110 


—,—, 34 


17,000 
4,000 
1,200 








1900-2050 
2100 
Fair; tough 





C 0.15 max, Mn 2 max, 
P, S or Se 0.07 min, 
Si 1 max, Cr 17-19, 
Ni 8-10, Mo or Zr 0.60 
max 


0.29 
2550-2590 
9.4 
9.9 x 10-6 
0.12 
72 


28.0 x 106 


—= 
—,—, 110° 


—,—,35 
—,—, /5¢ 


1850-2050 
2100 
Good; about 65% 
of screw stock 





Not recommended ; may crack 





Excellent atmosphere 
resistance; also resists 
food products, acids 
and other chemicals 


| Very good atmosphere 


resistance ; some resis- 
tance sacrificed for 
better machinability 





C 0.08 max (304) or 
0.03 max (304 ELC), 
Mn 2 max, Si 1 max, 
P 0.04 max, S 0.030 
max, Cr 18-20, Ni 8-11 


0.29 
2550-2650 
9.4 
9.9 x 10-6 
0.12 
72 


28.0 x 10° 


ha Pale SMOG 5.80 


85, 85, 85 
-,—, 110¢ 


35, 30, 35 
— 75° 


50, 60, 60 
-, —, 60 


—, 70, 70 


Re80, 150, 150 
-,—, 240¢ 


-, 110, 110 
»—, We 


35, 35, 34 


17,000 
4,000 : 
1,200 1 


ae 


1900-2050 
2200 
Fair; tough 


Very good 
Excellent atmosphere 


resistance; slightly 
better than type 302 





Sheet, strip, wire 


Sheet, strip, plate, bar, 
wire 


Bar, wire 


Sheet, strip, plate, bar, 
wire 





Lightweight, high 
strength applications; 
transportation equip- 
ment, roof drainage 





and trim 





General purpose 





General purpose, but 
where better machin- 
ability (than type 302) 
is required 





Light welded construc- 
tion where corrosive 
conditions are not too 
severe 





aFor 32-600 F range. 


dMinimum value at full hard temper. 


eValues are Brinell except where Rockwell scale is noted. 
Finish forging all grades at 1700 F or above. 
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bWhere three values are given, they represent sheet, plate and bar in that order. 
cCold drawn, high tensile 1%4-in. dia bar. 
{Cool rapidly after anneal. 





v"s 


ees hie ta 






Austenitic Stainless Steels—concluded 








AISI Type »> 


309 


316, 316 ELC 


321 





COMPOSITION, % 





C 0.20 max, Mn 2 max, P 
0.04 max, S 0.03 max, 
Si 1 max, Cr 22-24, Ni 








C 0.10 max (316), C 0.03 
max (316 ELC), Mn 2 max, 
Si 1 max, P 0.04 max, S 





C 0.08 max, Mn 2 max, 
Si 1 max, P 0.04 max, 
S 0.03 max, Cr 17-19, 

















12-15 0.03 max, Cr 16-18, Ni | Ni 8-11, Ti5xC 
10-14, Mo 2-3 
PHYSICAL PROPERTIES | 
EE ee ee rae 0.29 0.29 0.29 
Melting Point Range, F...... 2550-2650 2500-2550 2550-2600 
Thermal Conductivity (212 F), | 
a 8 9.4 9.3 
Coef of Ther Exp (32-600 F), per °F. . 9.3 x 10-6 9.0 x 10-6 9.5 x 10 
Specific Heat (32-212 F), Btu/Ib/°F....... 0.12 0.12 0.12 
Electrical Resistivity (68 F), microhm-cm..... 78 74 72 
MECHANICAL PROPERTIES» 
Mod of Elast in Tension, psi... . 29.0 x 106 28.0 x 108 28.0 x 10° 
Tensile Strength (annealed), 1000 psi 90, 95, 95 90, 85, 80 90, 85, 85 
Yield Strength (annealed), 1000 psi 45, 40, 40 40, 35, 30 35, 30, 35 
Elongation (in 2 in., annealed), %............... 45, 45, 45 50, 55, 60 50, 55, 55 
Reduction of Area (annealed), %................. ——s —s om, «ny 5 
ee se a wikd a 4 sais bnasieig R85, 170, 160 R85, 150, 150 R80, 160, 150 
Impact Strength (Izod, annealed), ft-Ib ,—, 110 —, —, 110 —,—, 110 
Endurance Limit (annealed), 1000 psi... ... 39, 39, 38 -, 38 
Creep Strength (1% ext in 10,000 hr), psi 
1000 F... cad 15,900 25,000 18,000 
1300 F 4,500 7,900 4,500 
a tt ies aoe, a et eee 1,000 2,800 850 
ca ree Ce Le A a 
FABRICATING PROPERTIES 
Annealing Temp, F...... 1900-2050 1850-2050 1900-2050 
, . & \  t ) rer crn ree 2150 2200 2250 
Machinability . Fair; tough Fair; tough Fair; tough 
Weldability. .... Good Very good Very good 


CORROSION RESISTANCE 


Excellent etmosphere re- 











sistance; better than type 
302. Resists destructive 
heat scaling up to 2000 F 


Best of any standard 
stainless steel. Greater 
resistance than type 302 
to reducing acids, sea 
water and other corrosive 
media causing pitting 
type of corrosion. Inter- 
granular corrosion due to 
welding eliminated in 316 
ELC 


Excellent atmosphere re- 
sistance; similar to type 
302. Not subject to harm- 
ful carbide precipitation 





AVAILABLE FORMS : 


Sheet, strip, plate, bar, 
wire 


Sheet, strip, plate, bar, 
wire 


Sheet, strip, plate, bar, 
wire 





USES 





Heat resisting applications 


Processing equipment 
exposed to severe corro- 
sive media. Stressed parts 
that operate at high tem- 
peratures 





Welded equipment used 
in the unannealed con- 
dition and exposed to 
corrosive conditions. 
Equipment that must 
operate in the sensitiza- 





tion range (800-1650 F) 





»Where three values gre given, they represent sheet, plate and bar in that order. 


*Values are Brinell except where Rockwell scale is noted. 


«Finish forging al! grades at 1700 F or above. 


MATERIALS SELECTOR ISSUE, 1958-59 ¢ 5S! 











lrons and Steels 


Martensitic Stainless Steels 















































AISI Type » 403, 410 414 416 420 431 
COMPOSITION, % C 0.15 max, Cr{|C 0.15 max, Cr} C 0.15 max, Cr | C >0.15,Cr12-14} C 0.20 max, Cr 
11.5-13.5 11.5-13.0, Ni 1.25- | 12-14, P, S or Se 15-17, Ni 1.25-2.50 
2.5 0.07 min, Mo or Zr 
0.06 max 
PHYSICAL PROPERTIES | 
TOPO 0.28 0.28 | 0.28 0.28 0.28 
a vee chs guxed adantinn 2700-2790 a 2700-2790 2650-2750 2650 | 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft.. 14.4 14.4 | 14.4 14.4 11.7 { 
Coef of Ther Exp, per °F i 
AEE GS “a 5.5 x 10-6 5.8 x 10-6 5.5 x 10-6 5.7 x 10-6 | 6.5 x 10-6 3 
EE eT wy 6.5 x 10-6 ~— | 6.5 x 10-6 6.8 x 10-6 | — 
Spec Ht (32-212 F), Btu/Ib/°F......... 0.11 0.11 0.11 0.11 0.11 
Elec Res (rm temp), microhm-cm....... 57 70 | 57 55 72 
Ee Yes Yes Yes Yes Yes 
MECHANICAL PROPERTIES | | 
Mod of Elast in Tension, psi........... 29.0 x 108 29.0 x 106 | 29.0 x 106 29.0 x 108 | 29.0 x 108 F 
Ten Str, 1000 psi « 
es ais ace oss haadatadas 65-75 115-120 | 75 95 125 i 
NS oss scan ansaveceweans 90-190 120-200 | 90-190 230 125-205 
Yid Str, 1000 psi 
as one dasneeskesebennd’s 35-50 90-105 40 50 95 
I. casncacessscanss 60-145 105-150 | 60-145 195 90-155 * 
Elong (in 2 in.), % 
Cia vaccbdsdcecdsextsenas 25-35 15-20 | 30 25 20 5 
NN... ce'6 5 udcvcanesan 15-30 15-20 12-25 8 | 15-20 ( 
Hardness (Brinell) * 
es casas tenanenee 155 235 | 155 195 260 
as Sa sy ca ee ad maw ei 180-390 250-410 | 180-390 500 260-415 
impact Str (Izod), ft-Ib | | 
ete psa abahcosecaaeves 90 50 70 _ | -- Fd 
EE 35-75 45-50 | 20-60 10 30-50 q 
Endurance Limit (annealed), 1000 psi... 40 45 | 40 40 45 . 
Creep Str (1% ext in 10,000 hr, | | 
annealed), psi | 
Sarda tana cy ave ces ss oo 9 9200 — 9200 — — 
Se eee 1000 — | 1000 - — 
THERMAL TREATMENT | 
Annealing Temp, F................... 1500-1650 a 1500-1650 1550-1650 — 
ne 1700-1850 1800-1900 1700-1850 1800-1900 1800-1950 
9 | 5 aCe 400-1400 400-1300 400-1400 300-700 400-1200 
FABRICATING PROPERTIES 
eee too e Cincacescn ce dee Fair Poor Good ; 80% of Fair Poor 
screw stock 
as enh sae chaea sot Fair; small welds Poor Poor Fair Poor 
can be annealed 
Forging Temp (start), F............... 2000-2200 2100-2200 2100-2300 2000-2200 2100-2250 

















CORROSION RESISTANCE 


Good resistance to weather and water; also good resistance to some chemicals 





AVAILABLE FORMS 


Plate, sheet, strip, bar, tube, rounds, structural and bar shapes, round and flat wire, tubing 





USES 





stressed parts 


Steam turbine 
blades, highly 





Springs, knife 
bledes, tempered 


rules 





Automatic screw 
machine parts 





Cutlery, surgical 
instruments, ball 
bearings, magnets 





High strength parts 
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PRN UF Nc oly saa 






Martensitic Stainless Steels—concluded 





















































AISI Type » 440A 440B 440C 501 502 
COMPOSITION, % C 0.60-0.75, Cr} C 0.75-0.95, Cr|C 0.95-1.20, Cr} C > 0.10, Cr 4-6 | C 0.10 max, Cr 4-6 
16-18,Mo 0.75 max | 16-18,Mo 0.75 max | 16-18,Mo0.75 max 
PHYSICAL PROPERTIES 
IPTC rePey y reee 0.28 0.28 0.28 0.28 0.28 
FEE Ee ae 2500-2750 2500-2750 2500-2750 2700-2800 2700-2800 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft. 14.0 14.0 14.0 21.2 21.2 
Coef of Ther Exp, per °F 
TET co vekncetssasecvenvise 5.6 x 10-¢ 5.6 x 10-6 5.6 x 10-6 6.2 x 10 6.2 x 104 
ye hdc tewsneensdsaxesds _— — — 7.3 x 106 7.3 x 10-6 
Spec Ht (32-212 F), Btu/Ib/°F......... 0.11 0.11 0.11 0.11 0.11 
Elec Res (rm temp), microhm-cm ...... 60 60 60 40 40 
CT y ik bates desesneveccacess Yes Yes Yes Yes Yes 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 29.0 x 108 29.0 x 106 29.0 x 108 29.0 x 10® 29.0 x 10° 
Ten Str, 1000 psi 
es iahas noc caviskaeaa 105 107 110 70 65-70 
ES co ctkissioncnsasedds 260 280 285 115-175 _ 
Yld Str, 1000 psi 
Ce xgececeuudbseneduwus 60 62 65 30 25-30 
ES ii cw nance ganceue 240 270 275 90-135 _ 
Elong (in 2 in.), % 
RE ee 20 18 14 28 30 
eid can nkean eee 5 3 2 15-20 — 
Hardness (Brinell) 
ee eee 215 220 230 160 150 
Ne ent cndsdaewancs 510 555 580 240-370 — 
Impact Str (Izod), ft-lb 
eR 2 2 2 _— 85 
eR cc entavsarseanecene: 4 3 2 — _ 
Endurance Limit (annealed), 1000 psi. . . 40 40 40 35 35 
Creep Str (1% ext in 10,000 hr, 
annealed), psi 
ia tnd cdi vacwkkinseedne N , = 9500 9500 
ie chic Seca cakne nee ot used in fatigue applications 800 800 
THERMAL TREATMENT 
Annealing Temp, F................... 1550-1650 1550-1650 1550-1650 1525-1600 1525-1600 
Hardening Temp, F................... 1850-1950 1850-1950 1850-1950 1600-1700 —* 
Tempering Temp, F................... 300-800 300-800 300-800 400-1400 —* 
FABRICATING PROPERTIES 
PS ee: Fair Fair Fair — _ 
Ee ac0bisecdeaeacedens Welding not gene- | Welding not gene- Welding not _ — 
rally recommended | rally recommended | recommended 
Forging Temp (start), F............... 1900-2200 1900-2150 1900-2100 — ~~ 





CORROSION RESISTANCE 


Good resistance to weather and water; also good resistance to some chemicals 





AVAILABLE FORMS 


Plate, sheet, strip, bar, tube, rounds, structural and bar shapes, round and flat wire, tubing 





USES 





Instruments, cutlery, valves 


Applications requiring heat resistance 
and good mechanical properties at 
elevated temperatures 





aGenerally used in annealed condition only. 
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lrons and Steels 


| Ferritic Stainless Steels 


RRs 


















































AISI Type > 405 430 430F | 446 
COMPOSITION, %* C 0.08, Mn 1.00, Si 1.00, | C. 0.12, Mn 1.00, Si 1.00, | C 0.12, Mn 1.25, P 0.06, | C 0.20, Mn 1.50, Si 1.00, 
P 0.04, S 0.03, Cr 11.5- | P 0.04, S 0.03, Cr 14.0- | S 0.15 min, Cr 14.0-18.0 | P 0.04, S 0.03, Cr 23.0- 
14.5, Al 0.10-0.30 | 18.0 | 27.0, N 0.25 
PHYSICAL PROPERTIES 
8 oe ee 0.28 0.28 0.28 0.27 
Melting Temp Range, F.............. 2700-2790 2600-2750 2600-2750 2600-2750 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft. -- 15.1 15.1 12.1 \ 
Coef of Ther Exp (32-212 F), per °F... 6.0 x 10-8 5.8 x 10+ 5.8 x 10-8 5.8 x 10-* ‘ 
ys 0.11 0.11 0.11 0.12 : 
Elec Res (70 F), microhm-cm...... ' 60.0 60.0 60.0 67.0 f 
RRR Ra Se Yes Yes Yes Yes 
MECHANICAL PROPERTIES 
| Mod of Elast in Tension, psi......... 29 x 10° 29 x 10° 29 x 10° 29 x 108 
Ten Str, 1000 psi 
: Annealed................00000-+. 65-70 75 80 80-85 
' ea ne 85 75-90 80-90 85 
Yid Str (0.2% offset), 1000 psi 
ee 35-40 40-45 55 90-55 4 
SS in sss vnwadccveens 70 | 45-80 55-80 70 : 
Elong (in 2 in.), % | ¥ 
Ee, a 25-30 25-30 25 20-25 i 
Cold Worked..........0... 2.00... 20 15-25 15-25 20 : 
Red. of Area, % 5 
ss ee 50-60 60-65 60-65 45 
Cold Worked. .... Pores 60 55-65 55-65 45 
Hardness (Rockwell) 
Annealed......... B75-90 B80 B80 B83-B86 
TR a 185> B95 B95 B90 
Impact Str (Izod, annealed), ft-Ib..... 25¢ — - 2 
Creep Str (1%, 1000 F), 1000 psi 
ee SE — 8.5 8.5 6.0 
EG rs Xs vou d's wee — 7.0 7.0 4.2 
THERMAL TREATMENT 
Annealing Temp, F................. 1350-1500 1400-1500 1250-1400 1450-1600 
FABRICATING PROPERTIES i 
Hot Working Temp Range, F......... 1950-2050 1900-2050 1950-2100 1950-2050 
aa I, DS Good | Fair | Excellent ; Fair | 
MT itaes Gees cave tats tices Excellent for fusion | Fair; welds are brittle | Not recommended Fair; great care required 
welding | | because of high Cr 
content 
CORROSION RESISTANCE Good resistance to | Excellent resistance to | Very good resistance to , High resistance to cor- 
weather, water, some | weather, water; good | weather, water; some | rosion and scaling; one 
chemicals resistance to most | resistance sacrificed for | of the most oxidation 
chemicals better machinability resistant steels com- 
mercially available 
AVAILABLE FORMS Bar, plate, sheet Bar, plate, sheet, strip | Bar Bar, plate, sheet, strip 
USES Lining for oil stills; | General purpose grade; substitute for type 302; | High temperature ser- 
weldments where 12% | automobile and other trim, kitchen equipment, | vice up to 2150 F. 
Cr gives sufficient cor- | chemical equipment (430F is free-machining grade) | Furnace _ parts, glass 
rosion resistance | molds, pyrometer tubes, 
| chemical processing 
- equipment 








® Maximum values unless otherwise stated. b Brinell. 
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ENGINEERING 


¢ Minimum. 






See 


eee 


aad athe 





Age Hardening Stainless Steels 








Type »> 


Stainless W 17-4PH Cast 17-4PH 17-7PH AM350 





OMPOSITION, % 


PHYSICAL PROPERTIES* 
Density, Ib/cuin........ 
Ther Cond (212-300 F), 

Btu/hr/sq ft/°F /ft....... 
Coef of Ther Exp (70-200 F), per ° 
Elec Res (68 F), microhm-cm.... 
Magnetic Perm (max)....... 





MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 
Ten Str, 1000 psi 

Sol’n Treated... 7 
ee eee 
Yid Str (0.2% offset), 1000 psi 

Sol’n Treated... .. 
Aged?. . vr 
Elong ( (in 2 in.), % 
Sol’n Treated. 
Aged? 
Hardness (Rockwell) 
Sol’n Treated... 
Aged?....... 
Rupture Stress (1000 hr), 1000 psi 
700 F.. 


| ES 


THERMAL TREATMENT 
Solution Temp, F......... 
Final Aging Temp, F 

FABRICATING PROPERTIES 
Hot Working Temp Range, F.... 
Machinability . 





Weldability . 





CORROSION RESISTANCE 


— 


C.0.07, Cr 17, Ni7, | C0.04,Cr16.5,Ni4, | C 0.07, max, Cr | C0.07, Cr17, Ni7, | C 0.07, Cr 17, Ni4, 








Ti0.70, A10.20 | Cu4, Cb &Ta0.35 | 15.75-16.75, Ni | Al 1.10 | Mo 2.75 
1 3.50-4.25, Cu | | | 
| 3,50-4.25, N 0.045 | 
max 
0.280 0.281 0.280 | 0.276 | 0.290 
10.0 | 10.4 | 10.4 | 97 o 
5.5 x 10-6» 6.0x10* | 60x10* | 62x10+8 9.0 x 10-6 
100 98 | 98 | 86.5 10.97 
101 | 151 | 95 111 | ‘4 
283x100 | 28.5 x 10° 28.5 x 108 | 29.5 x 108 28.0 x 108 
| | | 
135 | 150 | 152 | 130 186 
210¢,190' | 195,161» | 1704130) | 215k, 200! 199m, 1g9n 
| 
95 | 110 | 83 | 40 52 
195°, 170! 1808, 1558 1405,1005 | 200k, 185! 159m, 163" 
7 | 12 | 5 | 30 25 
Je gt 132, 15> | 6i, 123 | gk 9! 11m, 152 
C25 032 | CAI | B85 B94 
Ch3*, C39 =| «Ce, C35® «=| 390%, 310” =| CASK, C43! | CAL, CAD 
one | 130¢ | 130« 138* - 
a | 89« | 89« | 100% 161™ 
ab 48« | ua | 57 | 9gm 
a | 120 | 135 Ps 
| 30 105 ns 
1850-1950 1875-1925 1800-1850 | 1800-1850 1700-1750 
950-1050 900-1000 350-900 950-1050 850 
1700-2300 1800-2200 To 2150 1800-2350 


Similar totype 410 | Similerto type 410 | | Not often ma- 
(280-320 Bhn) | (280-320 Bhn) | | chined 


Slightly easier to | 
machine than type 
302 


| Similar to type 302 





Readily weldable by arc 20 resistence. processes 1 applicable to stainless stods 
Not outstanding: suitable for conditions met by cold rolled type 301. 
embrittlement. AM350: superior compared to other hardenable stainless steels. 
good resistance to sea water corrosion 





Not subject to ‘intergranular 
Cast 17-4PH: 





AVAILABLE FORMS 





Bar, wire, sheet, 
strip, plate 


Bars, forging bil- | Castings 
| lets, wire 


Bars, forging bil- 


| All wrought forms 
lets, plate 





USES 


Used where high strength-weight ratio, | Chemical equip- | Used where high strength-weight ratio, 
corrosion resistance, and good strength | ment needing | corrosion resistance, and good strength 








at moderate temperatures are required | strength, galling | at moderate temperatures are required 
| resistance | 
* Condition is sol’n treated except 17-7PH which is precipitation hardened. b 32-212 F. ¢ 70-1000 F. 


4 Treatment as indicated here: 


1. Sol’n treated, aged at following temp and air cooled: 


950 F; £1050 F; «900 F; »1100 F; 1875 F (min value); /1050 F (min value) 


2. Sol’n treated, transformed (1400 F) and air cooled, aged at following temp and air cooled: *950 F; '1050 F. 


P Brinell. 


3. Sol’n treated, subzero cooled at — 100 to'—130 F, tempered 2 hr at following temp: ™750 F; "950 F. 
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lrons and Steels 


Cast Carbon Steels 


















































Class? » 60,000 65,000 70,000 80,000 85,000 100,000 
PHYSICAL PROPERTIES 
Density, Ib/cuin.............. 0.283 0.283 0.283 0.283 0.283 0.283 
Ther Cond (212 F), 
Btu/hr/sq ft/°F/ft. . . 27 27 27 27 27 27 
Coef of Ther Exp 
(70-1200 F), per °F .......... 8.3 x 10-6 8.3 x 10-6 8.3 x 10-6 8.3 x 10-6 8.3 x 10-6 8.3 x 10-6 
Spec Ht, Btu/Ib/°F........... 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 a 
Elec Res (68 F), microhm-cm. . . 13-16 13-16 13-16 13-16 13-16 13-16 f 
Ns i.e chk adas<aes Yes Yes Yes Yes Yes Yes d 
MECHANICAL PROPERTIES® 
Mod of Elast in Tension, psi. . . 30.1 x 106 30.1 x 10® 30 x 106 29.9 x 108 29.9 x 10& 29.7 x 106 
TOR Sut, W000 OSl.............. 60° 654 704 80¢ 85e 100 
Yid Point, 1000 psi............ 30¢ 354 384 45e 50¢ 70! 
Elong (in 2 in.), %........... 32¢ 304 284 26¢ 24e 20! 
fs 55¢ 534 50¢ 43e 40¢ 46° 
Hardness (Brinell)............ 120° 1304 1404 160¢ 175¢ 200 
Impact Str (Izod), ft-lb 
Se 30¢ 304 304 25¢ 20° 30! 
in HULL Axe de 4 kes a0) 8c 124 104 12¢ 10¢ 15f 
Endurance Limit, 1000 psi...... 25¢ 284 314 35¢ 38¢ 47t 
THERMAL TREATMENT 
Annealing Temp, F............ About 200 F above critical range 
Quenching Temp, F............ About 100 F above critical range 
FABRICATING PROPERTIES 
Machinability Index« 60 65 70 70 


Weldability 


99 


65 





Can be welded by procedures used for welding wrought steels of similar composition 





CORROSION RESISTANCE 


When brought into contact with moisture and air, carbon steels rust at rates that are not affected by carbon 
content. If salts are present, corrosion rate is increased. Attacked readily by acids, but resistant to alkalis at 
ordinary temperatures 








USES 





low electrical resistivity, 


carburizing and case har- | good machinability and | and excellent fatigue 
dening, weldability 


| 
| 


| high ductility 


resistance 





Applications requiring | Applications requiring | Applications requiring | Applications requiring 
excellent weldability; | high strength with good 
good magnetic properties, | medium strength with | machinability, toughness 


wear resistance and hard- 
ness 





*Tensile strength, psi. 


bNormally expected values for steel castings having tensile strength given. 


cAnnealed. 

dNormalized. 

eNormalized and tempered. 
fQuenched and tempered. 


gBased on AISI B1112 steel = 100. 
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Cast Low Alloy Steels* 














eee 





CORROSION RESISTANCE x 


USES 














| 


Applications requiring excellent weld- 
ability; medium strength with high 
toughness and good machinability ; good 
high temperature properties 


Similar to corrosion resistance of carbon steels 














Can be welded by procedures used for wrought steels of similar composition 


Applications requiring toughness or ex- 
cellent high temperature and deep 
hardening properties 








Class> » 70,000 80,000 90,000 100,000 110,000 
PHYSICAL PROPERTIES 
Density, Ib/cuin............. 0.283 0.283 0.283 0.283 0.283 
Ther Cond (212 F), Btu/hr/sq 
Sa ent. 27 27 27 27 | 27 
Coef of Ther Exp (70-1200 F), 
ERE ae 8.0-8.3 x 10-6 8.0-8.3 x 10-6 8.0-8.3 x 10-6 8.0-8.3x10-6 | 80-83x 10° 
Spec Ht, Btu/Ib/°F......... ae 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 | 0.10-0.11 
Elec Res (68 F), microhm-cm... 15-20 15-20 15-20 15-20 15-20 
ET s5964i0% raws OTS ates Yes Yes Yes Yes | Yes 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, psi... . 29-30 x 106 29-30 x 106 29-30 x 10° 29-30 x 10° | 29-30 x 106 
Ten Str, 1000 psi.............. 70¢ 80° 90¢ 100° | 110° 
Yid Point, 1000 psi............ 45 50 60 68 85 , 
Elong (in 2 in.), %............ 26 24 22 20 | 20, 
Red. of Area, %...... cevertued 56 50 46 42 45 
Hardness (Brinell)............. 150 170 190 209 235 
Impact Str (Charpy), ft-ib 
ae avnsoneees 64 35 30 26 22 23 
Ce keel laedintiieas nist 25 20 15 12 18 
Endurance Limit, 1000 psi...... 33 38 4] 45 49 
THERMAL TREATMENT 
Annealing Temp, F........... About 200 F above critical range 
Quenching Temp, F........... About 100 F above critical range 
FABRICATING PROPERTIES | | 
Machinability Index?.......... 65 70 70 65 60 


| Applications re- 
| quiring high re- 
| sistance to impact; 
| excellent low tem- 

perature proper- 
| ties; deep harden- 
| ing; or excellent 

combination of 
i strength and 





' toughness 
aBelow 8% total alloy content. 
bTensile strength, psi. 
cNormally expected values for steel castings having tensile strength given. continued 


dBased on AISI B1112 steel = 100. 


eNormalized and tempered. 
fQuenched and tempered. 
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Cast Low Alloy Steels—concluded 


















































Class> » 120,000 150,000 175,000 200,000 
PHYSICAL PROPERTIES 
| err are 0.283 0.283 0.283 0.283 
Ther Cond (212 F), Btu/hr/sq ft/ 

a re ee 27 27 27 27 
Coef of Ther Exp (70-1200 F), per °F.. 8.0-8.3 x 10-6 8.0-8.3 x 10-6 8.0-8.3 x 10-6 8.0-8.3 x 10-6 
a 0.10-0.11 0.10-0.11 0.10-0.11 0.10-0.11 
Elec Res (68 F), microhm-cm....... 15-20 15-20 15-20 15-20 
RR at Rr Yes Yes Yes Yes 

MECHANICAL PROPERTIES* 
Mod of Elast in Tension, psi........ 29-30 x 10° 29-30 x 10° 29-30 x 106 29-30 x 108 
|. ON ee 120! 150! 175! 200! 
. 0 4 | 95 125 148 170 
5 re 16 12 8 5 
RS os caneadweanen 38 25 20 ll 
Hardness (Brinell)................ 245 300 340 | 400 
Impact Str (Charpy), ft-lb 

FOP ...... <2 py SP re 20 14 10 | _ 
eR 16 10 6 ae 
Endurance Limit, 1000 psi......... 55 65 77 85 

THERMAL TREATMENT 
Annealing Temp, F................ About 200 F above critical range 
Quenching Temp, F............... About 100 F above critical range 
FABRICATING PROPERTIES | 
Machinability Index?.............. 50 30 ‘is a 
RP eer ar Can be welded by procedures used for wrought steels of similar composition 
CORROSION RESISTANCE Generally simitar to carbon steels 
USES Applications requir- | Applications requir- | Applications requiring high strength, wear 
ing high resistance to | ing deep hardening, | resistance, high hardness, high fatigue re- 
impact, excellent low | high strength, wear | sistance 
temperature proper- | resistance, fatigue 
ties, deep hardening; | resistance 
excellent combina- 
tion of strength and 
toughness 











aBelow 8% total alloy content. 

bTensile strength, psi. 

cNormally expected values for steel castings having tensile strength given. 
dBased on AISI Bill2 steel = 100. 

fQuenched and tempered. 
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Sal 


° 9s HN aA 








Cast Stainless Steels 





ACI Type »> 


CA-15 CA-40 CB-30 CC-50 





SOMPOSITION, % 


PHYSICAL PROPERTIES 
I HN OR oo os nent ssn cage saute 
Melting Point, F 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft... 
Coef of Ther Exp (70-1000 F), per °F 
Spec Ht (70 F), Btu/Ib/°F........ 
Elec Res (70 F), microhm-cm. 
Magnetic?... 








MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 
Ten Str, 1000 psi 
4 ER rere 
ice’ ig Ges cabdedewss « 
Hard. & Temp. . eee 
Yid Str (0. rd ofiset), “1000 psi 
Annealed. . - 
i 
Hard. & Temp.... 
Elong (in 2 in.), % 
Annealed..... 
i ee 
Hard. & Temp... 
Hardness (Brinell) 
Annealed......... 

As Cast 5a Sal Reabealtoun 
Eee 
Impact Str om — wae ft- Ib 
Annealed. . 

Se 
Hard. & Temp. . 


THERMAL TREATMENT 
Annealing Temp, Ff 
Hardening Temp, Fi... 





i Tempering Temp, F 





4 FABRICATING PROPERTIES 
r ee 


EE ey ee eee & 


Cr 11.5-14.0, Ni 1.0 | Cr 11.5-14.0, Ni 1.0 | Cr 18-22, Ni 2.0 max, | Cr 26-30, Ni 4.0 max, 
max, C 0.15 max, Mn | max, C 0.20-0.40, Mn | C 0.30 max, Mn 1.00 | C 0.50 max, Mn 1.0 
1.0 max, Si 1.5 max | 1.00 max, Si 1.50 max | max, Si 1.00 max | max, Si 1.0 max 

















0.275 0.275 0.272 0.272 
2750 2725 2725 2725 
14.5 14.5 , 12.8 12.6 
6.4 x 10-6 6.4 x 10-6 6.5 x 10-6 6.4 x 10-¢ 
0.11 0.11 0.11 0.12 
78 76 76 77 
Yes Yes Yes Yes 
29 x 108 29 x 108 29 x 108 29 x 10 
a _ 954 97e 
— — — 70-95 
200*, 100% | 220%, 110: — — 
| 
— — 604 65¢ 
— — — 60-65 
1504, 75! 165%, 67° — — ° 
‘ 
— — 154 18¢ 
— — — 2-15 
7*, 30” 1*, 18: _ nit 
- — 1954 210° 
ie ied _ 193-212 
390, 185» 4708, 212° — — 
oli an 2d = 
one _ — 2-45 (Izod V notch) 
158, 35» 1®, 3° — 








1450 f.c. and 1000 a.c.} 1450 f.c. or a.c, 
| Practically nonharden- | Nonhardenable by heat 
| able by heat treatment | treatment 


1450-1650 f.c. 
1800-1850 a.c. or 0.q. 


1450-1650 f.c. 
1800-1850 a.c. or 0.q. 


< 600 or 1100-1500. Highest strength by temper- 





| ing below 600 





Section thicknesses from %¢ in. up can be cast satisfactorily. Somewhat lighter sections can be cast 
in some parts. Difficult-to-run thin sections and designs involving appreciable changes in section 
should be avoided. Normal shrinkage for these alloys is % in. per ft, except CC-50 which shrinks 
% in. per ft 

Can be welded by metal arc, inert-gas arc and oxyacetylene gas methods. Metal arc most frequently 
used. Oxyacetylene welding not advisable because of possible reduction in corrosion resistance 
resulting from carbon pickup. Castings should be preheated and postheated 





CORROSION RESISTANCE 


Excellent resistance to 
dilute sulfuric acid in 
mine waters, mixed 
nitricandsulfuricacids, 
and oxidizing acids of 
all types 


Resists nitric acid, 
alkaline solutions, 
many organic chemi- 
cals, oxidizing atmos- 
pheres up to 1400 F 


Good atmospheric corrosion resistance. Excellent 
resistance to many organic media in relatively 
mild service 





USES 


Furnace brackets and | Bushings, cylinder 
hangers, pump parts, | liners, pump casings 
rabble arms, tube sup- | and impellers, valve 
ports, valve bodies and | bodies and seats 
parts 


Choppers, cutting 
blades, cylinder liners, 
pump parts, steam tur- 
bine parts, molds and | 
dies 


Pump casing, bushings 
and liners, impellers, 
shafts, turbine blades, 
stuffing boxes; valve 
bodies and trim, fur- 














nace burner tips 





*Air cooled from 1800 F, tempered at 600 F. 
bAir cooled from 1800 F, tempered at 1450 F. 
‘Air cooled from 1800 F, tempered at 1400 F. 





dAnnealed at 1450 F, furnace cooled to 1000 F, air cooled. 
eAir cooled from 1900 F. 
ff.c. = furnace cool, a.c. = air cool, 0o.q. = oil quench. 







continued 
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Cast Stainless Steels—continued 




































ACI Type » CE-30 CF-8 CF-20 CF-8M, CF-12M CF-8C 
COMPOSITION, % Cr 26-30, Ni 8-11, | Cr 18-21, Ni 8-11, | Cr 18-21, Ni 8-11, | Cr 18-21, Ni 9-12, | Cr 18-21, Ni 9-12, 
C 0.30 max, Mn | C 0.08 max, Mn | C 0.20 max, Mn | Mo 2.0-3.0,C 0.08} Cb 1.0 maxg, 
1.50 max, Si 2.00 | 1.50 max, Si 2.00 | 1.50 max, Si 2.00 | (CF-8M) or 0.12 | C 0.08 max, Mn 
max max max (CF-12M), Mn 1.50 | 1.50 max, Si 2.00 
max, Si 2.00 max | max 
PHYSICAL PROPERTIES | 
INO, sn sinceecesviencoen 0.277 0.280 0.280 0.280 | 0.280 
I linen cniindasegudee 2650 2600 2575 2550 | 2600 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft.. — 9.2 9.2 9.4 9.3 
Coef of Ther Exp (70-1000 F), per °F... 9.6 x 10-* 10.0 x 10- 10.4 x 10-* 9.7 x 10* 10.3 x 10* 
Spec Ht (70 F), Btu/Ib/°F............ 0.14 0.12 0.12 0.12 | 0.12 
Elec Res (70 F), microhm-cm......... 85 76 78 82 71 
Magnetic Permeability............... >1.5 1.0-1.33 1.01 1.50-2.50 | 1.20-1.80 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, psi.......... 25 x 106 28 x 106 28 x 10° 28 x 108 28 x 108 
Ten Str, 1000 psi | q 
dia hee xsasee cds 95 -_ own om = 4 
Water Quenched*.................. 97 77 77 80 77 
Yid Str (0.2% offset), 1000 psi g 
MR ees ere hind oo s.n0 it 40 asa 60 on _ esi ‘ai : 
Water Quenched®.................. 63 37 36 42 38 E 
Elongation (in 2 in.), % : 
EMD ccs opens bates ses 15 _ _ - us % 
Water Quenched®.................. 18 55 50 50 39 q 
Hardness (Brinell) i 
0 170 _ —- _ we 5 
Water Quenched®............... , 170 140 163 156-170 149 
Impact Str (Charpy keyhole notch, 
water quenched*), ft-Ib.......... — 60 70 





FABRICATING PROPERTIES 
SRE i a 


a eee 
Ne itt ceeidls cub ducati 


Section thicknesses from %¢ in. up can be cast satisfactorily. Somewhat lighter sections are also possible 














in some parts. Good castability of these alloys permits designs involving intricate shapes, but drastic 
changes in section should be avoided and uniform thickness should be maintained as far as possible 





1950-2050 


1950-2050 


2000-2100 


1950-2100 


1950-2050 





Can be welded by metal arc, inert-gas arc and oxyacetylene gas methods. Metal arc most frequently : 


used. Oxyacetylene welding not advisable because of possible reduction in corrosion resistance caused 
by carbon pickup. Preheating not necessary, but castings should be quenched from the range 1950 to 


ah A A) 


2100 F to restore maximum corrosion resistance. This heat treatment is not always necessary, however 
with CE-30 and CF-8C alloys 





CORROSION RESISTANCE 


Particularly resis- 
tant to sulfurous 
acid, mixtures of 
dilute sulfuric and 
sulfurous acids, 
sulfuric and ni- 
tric acids, and 
sulfites 


Resists strongly 
oxidizing media 
such as boiling 
nitric acid, sulfuric 
acid and sulfates, 
and organic acids 


Similar to CF-8 
but used under 
less drastic con- 
ditions 


Resists reducing 
media. More resis- 
tant to pitting cor- 
rosion than CF-8 
in contact with 
chlorides. Not as 
resistant to boiling 
nitric acid as CF-8 


Similar to CF-8 





USES 





Process equipment 
such as digester 
fittings, fractionat- 
ing towers, piping, 





Autoclaves, blast 
furnaces, bushings, 
filter press plates, 
hardware, headers 





Cylinder liners, 
pumps, return 
bends, rolls, cir- 
cuit breaker parts, 


Agitators, evapora- 
tor parts, jetengine 
components, spray 
nozzles, high pres- 








Aircraft shroud 
assemblies, auto- 
claves, chemical 
tubing, fittings, jet 


pump bodies and | and heating coils, | valve parts sure steam valves | engine parts, 
casings, valve | pump parts, spray marine fittings 
bodies and parts | nozzles,valveparts 





sMinimum is eight times carbon content. 
hWater quenched from 2000 F. 












MATERIALS IN DESIGN 


i Water, oil or air quench. 
jAfter heat treatment. 





ENGINEERING 









Cast Stainless Steels—concluded 





ACI Type »> 


CF-16F 


CH-20 


CK-20 


CN-7M 





COMPOSITION, % 


PHYSICAL PROPERTIES 
NOS 65 i604 00 sovewes 
Meiting Point, F 
Ther Cond (212 F), Btu/hr/sq ft/ 

a 
Coef of Ther Exp (70-1000 F), per °F 
Spec Ht (70 F), Btu/Ib/°F......... 
Elec Res (70 F), microhm-cm 
Magnetic Permeability 





MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 
Ten Str, 1000 psi®.. 
Yid Str (0.2% offset), 1000 psi 
Elong (in 2 in), %> ea 
Hardness (Brinell)®........ 
Impact Str 

(Charpy, keyhole notch), ft-Ib®.. 





FABRICATING PROPERTIES 
Castability. . 


Quenching Temp, Fi 


Weldability 


CORROSION RESISTANCE 





Cr 18-21, Ni 9-12, C 
0.16 max, Mo 1.50 max, 
Se 0.20-0.35, Mn 1.50 
max, Si 2.00 max 


0.280 
2550 


9.4 
9.9 x 10-6 
0.12 
72 
1.0-2.0 


28 x 106 
77 
40 
52 
150 


75 


Cr 22-26, Ni 12-15, C 
0.20 max, Mn 1.50 max, 
Si 2.00 max 





0.279 


B | 


9.6 x 10-8 
1.713 


28 x 108 
88 
50 

| 38 

| 190 


} 





| 
| 
| 
| 


Cr 23-27, Ni 19-22, C 
0.20 max, Mn 1.50 max, 
Si 2.00 max 





46 (Izod V notch) 


Cr 19-22, Ni 27.5-30.5, 
Mo 1.75-2.50, Cu 3.00 
min, C 0.07 max, Mn 
1.50 max, Si 1. 1.00 max 


0.289 
2650 


12.1 
9.7 x 10-6 
0.11 





90 
1.01-1.10 








| 30 


-| Section thicknesses from %¢ in. up can be cast satisfactorily. Somewhat lighter sections are also 
possible on some parts. Good castability permits designs involving intricate shapes, but drastic 
changes in section should be avoided 





2000-2100 


2000- 2100 


Can | be welded by metal arc, ;, inert- -gas arc, :, and oxyacetylene gas methods. Metal arc welding most 
used. Oxyacetylene welding not advisable because of possible reduction in corrosion resistance re- 
sulting from carbon pickup 


2000-2150 


1990- 2050 














what inferior to CF-8 


Similar to but some- 


Resistant to hot dilute 
sulfuric acid. Superior 
to CF-8 in certain 
media 


| Preheating at 400 F 


Preheating not necessary, but castings should be quenched from 2000- | necessary. After weld- 
2100 F to restore maximum corrosion resistance 


ing, castings should be 
| quenched from 2000 F 





| Similar to CH-20, but 
better resistance at ele- 
vated temperatures 


Resists sulfuric acid 
and many reducing 
chemicals. Good resist- 
ance to dilute hydro- 
chloric acid and salt 
solutions 





chinery parts 





Bearings, bushings, fit- 
tings, pump and ma- 





Digester fittings, roast- 


pump parts 





ing equipment, valves, 


Digesters, filter press 
parts, fittings, jet en- 
gine parts, pumps, 
valves 


Filter parts; heat ex- 
changer parts; pickling 
rolls, hooks, racks and 
tanks; valve parts 








hWater quenched from, 2900 F. 
iWater, oi] or air quench. 
jiAfter heat treatment. 
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Cast Heat Resistant Alloys 





ACI Type »> 


HA 


HC 


HD 


HE 


HF 





COMPOSITION, % 


C 0.20 max, Mn 0.35- 
0.65, Si 1.00 max, 
P 0.04 max, S 0.04 
max, Mo 0.90- 1.20, 


C 0.50 max, Mn 1.00 | C 0.50 max, Mn 1.50 | C 0.20-0.50, Mn 2.00 | C 0.20-0.40, Mn 2.00 


max, Si 2.00 max, 
P 0.04 max, S 0.04 
max, Mo 0.5 max, 


max, Mo 0.5 max, 


max, Si 2.00 max, | max, Si 2.00 max, | max, Si 2.00 max, 
P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, S 0.04 
max, Mo 0.5 max, 


max, Mo 0.5 max, 





















































ee - Cr 8-10 Cr 26-30, Ni 4 max | Cr 26-30, Ni 4-7 | Cr 26-30, Ni 8-11 | Cr 19-23, Ni 9-12 
PHYSICAL PROPERTIES — 
Density, Ib/cu in........... 0.279 0.272 0.274 0.277 0.280 
Melting Point, F........... 2750 2725 2700 2650 2550 
Ther Cond (212 F), Btu/hr/ | | 
ee 15.2 | 12.6 12.6 10.0 9.0 
Coef of Ther Exp (70-1200 | | | | 
MN ic scine |<<: 75x10 =| 64x10 | 80x10® | 99x10® | 101x104 
Spec Ht (70 F), Btu/Ib/°F . . 0.11 0.12 0.12 0.14 0.12 
Elec Res (70 F), microhm-cm 70 77 81 85 80 
Magnetic Permeability...... Ferromagnetic Ferromagnetic Ferromagnetic | 1.3-2.5 1.0 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi. 29 x 106 29 x 106 27 x 108 25 x 108 28 x 108 
Ten Str, 1000 psi*......... 954 107» 70-110, 115¢ 85, — 95, 90° 85, 100¢ 
Yid Str (0.2% offset), 
nS Pe 654, 81> | 65-75, 80¢ 48, - 45, 55¢ 45, 50° 
Elong (2 in.), %*.......... 234, 21> 2-19, 18¢ | 16, — 20, 10° 35, 25° 
Hardness (Brinell)*........ 1804, 220" 190-223, — 190, — 200, 270° 165, 190¢ 
ELEVATED TEMPERATURE | | 
PROPERTIES | 
Ten Str, 1000 psi.......... 67 (1000 F), — 36 (1400 F), 57 (1200 F), 
44 (1100 F) 23 (1600 F), 35 (1400 F), 
| 15 (1800 F) | 22 (1600 F) 
Yid Str (0.2% offset), | | | | 
SEPA Sah kbs bi s'saa sd 42 (1000 F), — — — 21 (1400 F) 
32(1100F) | | | 
Elong (2 in.), %........... 36 (1100 F) — 14 (1400 F), — 16 (1200 F), 
| |  18(1600F), | 20 (1400 F), 
| |  40(ig00F) | 22 (1600 F) 
Creep Str (0.0001%/hr), | | 
CE Powe alan bak c6a4 16 (1000 F), 1.3 (1400 F), 3.5 (1400 F), 4.0 (1400 F), 13 (1200 F), 
7.2 (1100 F), | 0.75 (1600 F), 1.9 (1600 F), 2.4 (1600 F), 6.0 (1400 F), 
3.1 (1200 F) | 0.36 (1800 F) 0.9 (1800 F) 1.4 (1800 F) 3.2 (1600 F) 
Rupture Str, 1000 psi | 
Se 45 (1000 F) 4.6 (1400 F), 14 (1400 F) — 37 (1200 F), 
2.0 (1600 F), | 20 (1400 F), 
| 1.1 (1800 F) 10 (1600 F) 
ee 37 (1000 F) 3.3 (1400 F), | 10 (1400 F), 11 (1400 F), 30 (1200 F), 
1.7 (1600 F), 5 (1600 F), 5.3 (1600 F), 14 (1400 F), 
0.85 (1800 F) 2.5 (1800 F) 2.5 (1800 F) | 6.0 (1600 F) 
A ees 27 (1000 F) 2.3 (1400 F), 7 (1400 F) _ | 17 (1200 F), 
1.3 (1600 F), | | 8.0 (1400 F), 
0.62 (1800 F) | | 3.8 (1600 F) 
FABRICATING PROPERTIES | 
Annealing Temp, F........ 1625 — _ _ 1900¢ 
Machinability............. Fair Good Good Good | Good 
WI sed) vos desesees Weldable by all common methods. Preheat- Weldable by all common methods. Preheating not required 
ing, postheating desirable 
USES Fan blades, furnace | Grate bars, dampers, | Brazing furnace | Billet skids, burner | Electrode arms, 





rollers, lehr rolls, 
refinery fittings, 
trunnions 





kiln parts, rabble 
blades, salt pots, 
tuyeres 





parts, cracking 
equipment, furnace 


nozzles, furnace con- 
veyors, tube sup- 








blowers, pouring 
spouts, salt pots, gas 
burner parts 


ports, soot blower 
elements 








burner tips, anneal- 
ing boxes, wear 
plates, gas burner 
rings, conveyor belts, 
dampers 





aAs cast and heat treated values given in that order. 
cAged 24 hr at 1400 F, furnace cooled. 








MATERIALS IN 


DESIGN 





dAnnealed. 


bNormalized at 1825 F, tempered at 1250 F. 


ENGINEERING 


eBefore cyclic temperature service. 6 hr at 1900 F imay improve life. 


‘At 1500 F. 


Thao ance 5 eae 


eee ee ced 


tee) Bowtie 


































Cast Heat Resistant Alloys—continued 







































































ACI Type »> HH HI HK | HL 
OMPOSITION, % C 0.20-0.50, Cr 24-48, Mn 2.00 max, Ni 11-14, | C 0.20-0.50, Mn 2.00 |C 0.20-0.60, Mn 2.00 | C 0.20-0.60, Mn 2.00 
Si 2.00 max, P 0.04 max, S 0.04 max, Mo 0.5| max, Si 2.00 max, | max, Si 2.00 max, | max, Si 2.00 max, 
max, N 0.2 max | P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, S 0.04 
' max, Mo 0.5 max, | max, Mo 0.5 max, | max, Mo 0.5 max, 
| Cr 26-30, Ni 14-18 | Cr 24-28, Ni 18-22 | Cr 28-32, Ni 18-22 
PHYSICAL PROPERTIES | 
Density, Ib/cuin........... 0.279 | 0.279 0.280 | 0.279 
Melting Point, F........... 2500 | 2550 | 2550 | 2600 
Ther Cond (212F), Btu/hr/ | 
gs SE oe 8.2 | 10.9 8.2 8.2 
Coef of Ther Exp (70-1800 | 
 § rere 10.5 x 10°* | 10.5 x 10° | 10.0 x 10°¢ | 9.9 x 10° 
Spec Ht (70 F), Btu/Ib/°F. . 0.12 | 0.12 | 0.12 0.12 
Elec Res (70 F), microhm-cm 75-85 oe 90 94 
: Magnetic Permeability...... 1.0-1.9 | 1.0-1.7 1.02 | 1.01 
. Type |» Type I] é | | 
a MECHANICAL PROPERTIES | 
: Mod of Elast in Tension, psi. 27 x 108 27 x 106 27 x 108 29 x 106 29 x 108 
i Ten Str, 1000 psi¢......... 80, 86 | 85, 92 80, 90 75, 85 82, — 
Yid Str, 1000 psi#.......... 50, 55 40, 45 45, 65 50, 50 52,— 
Elong (2 in.), %£.......... 25, 11 | 15, 8 | 12,6 17, 10 19, — 
Hardness (Brinell)#........ 185, 200 | 180, 200 | 180, 200 170, 190 192, — 
ELEVATED TEMPERATURE | | 
PROPERTIES 
Ten Str, 1000 psi | | | 
a 33 | 35 38 | 7 | 50 
a6 5 'b sad ale 18.5 22 26 23 30 
Ne 9.0 | ll | iat | iin 19 
Yld Str (0.2% offset), | | | 
1000 psi 
} RSD aeoE 17 | 18 | - | = | us 
4 ree 13.5 14 | - | — - 
4 O00 F........ “ 6.3 | 7.0 a | eon | _ 
Elong (2 in.), % 
a 18 | 12 6 | _ an 
{ NY i oan 95.08 s'sde 30 | 16 12 | 21 | — 
4 ee 45 30 | —_ _ — 
Creep Str (0.0001% hr), | | | 
{ 1000 psi | 
{ ee 3.0 7.0 6.6 6.8 7.0 
; as Sha ain Kaccue 1.7 4.0 | 3.6 4.2 4.3 
EE rere 0.3 0.8 | 0.8 1.0 — 
Ee 6 — — 0.15 0.2 -- 
i Rupture Str, 1000 psi 
: a — | 20 _ 23 — 
10 Hr{ 1600 F.......... - | 10 - ll | - 
re 4.7 6.0 — 6.5 | — 
| 14 14 13 | 14.5 15 
100 Hr{ 1600 F.......... 6.4 7.5 7.5 | 7.8 9.2 
inc sk 40s 1.5 1.8 | 1.9 | 2.5 — 
1400 F.......... 6.5 10 | 8.5 | 9.0 | — 
1000 apt ae 3.8 4.7 | 4.8 5.0 | — 
ae — 1.2 1.2 | _ | oo 
| 
, FABRICATING PROPERTIES | | 
Annealing Temp, F......... 19004 19004 — — | _ 
Machinability............. Fair Fair | Fair Good | Good 
acca cd Jo ckucd Weldable by all common methods; no preheat or postheat required 
USES Annealing trays, tube supports, carburizing | Billet skids, brazing | Heat treating fix- | Carrier fingers, 
boxes, exhaust manifolds, radiant tubes, | fixtures, furnace | tures, rabble arms, | enameling furnace 
retorts, stoker parts rails, lead pots, tube | retorts, brazing fix- | fixtures, furnace 
spacers, retorts tures, skid rails skids, stack dampers 
Before cyclic temperature service. 6 hr at 1900 F may improve life. 
tAs cast and heat treated (aged 24 hr at 1400 F, furnace cooled) values given in that order. bPartially ferritic. iAustenitic. 








continued 
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lrons and Steels 


Cast Heat Resistant Alloys—concluded 















































ACI Type » HN HT | HU | HW HX 
COMPOSITION, % C 0.20-0.50, Mn 2.00 | C 0.35-0.75, Mn 2.00 | C 0.35-0.75, Mn 2.00 | C 0.35-0.75, Mn 2.00 | C 0.35-0.75, Mn 2.0 
max, Si 2.00 max, | max, Si 2.50 max, | max, Si 2.50 max, | max, Si 2.50 max, | max, Si 2.50 max 
P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, S 0.04 | P 0.04 max, $ 0.04 
| max, Mo 0.5 max, | max, Mo 0.5 max, | max, Mo 0.5 max, | max, Mo 0.5 max, | max, Mo 0.5 max 
Cr 19-23, Ni 23-27 | Cr 13-17, Ni 33-37 | Cr 17-21, Ni 37-41 | Cr 10-14, Ni 58-62 | Cr 15-19, Ni 64-68 
PHYSICAL PROPERTIES | | 
Density, Ib/cuin........... 0.283 0.286 0.290 0.294 | 0.294 
Melting Point, F........... 2500 2450 2450 2350 | 2350 
Ther Cond (212F), Btu/hr/ 
rs _ 7.7 ome 7.7 ~~ 
Coef of Ther Exp (70-1800 | 
G4. UL — 9.8 x 10°¢ 9.6” 106 8.8 x 10°6 9.2 x 10°6 
Spec Ht (70 F), Btu/Ib/°F.. 0.11 0.11 0.11 0.11 0.11 
Elec Res(70 F), microhm-cm — | 100 105 | 112 — 
Magnetic Permeability... .. 1.10 | 1.10-2.00 1.10-2.00 16.0 2.0 
MECHANICAL PROPERTIES | | 
Mod of Elast in Tension, psi 27 x 106 27 x 108 27 x 108 25 x 106 25 x 108 
Ten Str, 1000 psi*......... 68, — 70, 75: 70, 73 68, 84! | 65, 73 
Yid Str, 1000 psi*.......... 38, — 40, 45: 40, 43* 36, 52! 36, 44* 
Elong (2 in.), %*.......... 17, — 10, 5: 9, 5* 4 4 9, 9 
| Hardness (Brinell)*........ 160, 180, 200: 170, 190* 185, 205! | 176, 185+ 
ELEVATED TEMPERATURE 
| PROPERTIES 
Ten Str, 1000 psi 
te ee _- | 35 40 32 | — 
EE ee _ 18.8 19.6 19 20.5 
ES ae — | 11 10.0 10 | 10.7 
Yid Str (0.2% offset), | 
1000 psi | 
aa re a | 26 ma 23 | pe 
1600 F....... Seeks — | 15 — 15 17.5 
kee ahd — 8.0 6.2 8.0 6.9 
Elong (2 in.), % | 
1400 F..... — 10 — — — 
1600 F... pals — 26 20 - 48 
ee ; — 28 28 40 40 
Creep Str (0.0001%/hr), 
1000 psi | 
i vis n's hake ons — 8.0 8.5 6.0 6.4 
See 6.3 | 45 5.0 3.0 3.2 
RE 0.9 | 0.5 0.6 — 0.6 
ke _ 0.15 — — — 
Rupture Str, 1000 psi | 
2s os sabe — — — 16 18 
10 Hr{ 1600 F.......... — ll — 8.2 10 
-_ es — — | -- | _ 2.5 
a — 18 15 | 10 13 
100 Hr 1600 F.......... 9.5 8.5 8.0 6.0 6.7 
a 2.5 2.5 — | — 17 
. AS — | 12.5 — 7.8 — 
1000 Hr< 1600 F.... 6.5 | 7.0 6.0 4.5 4.0 
PN 0.9 | 18 | _ 0.9 
FABRICATING PROPERTIES 
Annealing Temp, F......... — 19004 1900¢ — - 
Machinability............. Good Good Good Good Good 
Weldability................ 
Weldable by all common methods; no preheat or postheat required 
USES Brazing fixtures, | Air ducts, carburiz- | Articulated trays, | Cyanide pots, gas | Autoclaves, calciner 
chain, nozzles, fur- | ing boxes, cyanide | burner tubes, lead | retorts, electric heat- | tubes, furnace parts, 
nace parts, radiant | pots, glass molds, | pots, cyanide pots, | ing elements, hearth | salt bath electrodes, 
tubes, tube supports | lead pots muffles plates muffles 











*As cast and heat treated values given in that order 
«Before cyclic temperature service. 6 hr at 1900 F may improve life. 


jAged 24 hr at 1400 F, air cooled. kAged at 1400 F, furnace cooled 1Aged 48 hr at 1800 F, furnace cooled. 
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Nitriding Steels 





Nitralloy Type » 





OMPOSITION, % 


PHYSICAL PROPERTIES 
NIN oa oversees serve 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft. . 
Coef of Ther Exp (32-932 F), per °F.... 
Sr 
Elec Res (68 F), microhm-cm..... 
ET Seer nr rr tye TT 


MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi.......... 
Ten Str (hard. & temp), 1000 psi...... 
Yid Str (hard. & temp), 1000 psi... .... 
Elong (in 2 in., hard. & temp), %...... 
Red. of Area (hard. & temp), %........ 
Hardness (Brinell, hard. & temp)... 


Impact Str (Izod, hard. & temp), ft-lb... 
Endurance Limit, 1000 psit......... 


THERMAL TREATMENT 
Annealing Temp, F... 
Quenching Temp, F.. 
Tempering Temp, F..... 


Nitriding Temp, F. 


FABRICATING PROPERTIES 
Hot Working Temp Range, F... 


Weldability. ... 





CORROSION RESISTANCE 





USES 

















135 135, Modified N EZ GR 
C 0.30-0.40, Mn | C 0.38-0.45, Mn | C 0.20-0.27, Mn | C 0.30-0.40, Mn | C 1.25-1.50, Mn 
0.40-0.70, Si0.20- | 0.40-0.70, Si0.20- | 0.40-0.70, Si 0.20- | 0.50-1.10, Si0.20- | 0.40-0.60, Si 1.25- 
0.40, Cr 0.90-1.40, | 0.40, Cr 1.40-1.80, | 0.40, Cr 1.00-1.50, | 0.40, Cr 1.00-1.50, | 1.50, Cr 0.20-0.40, 
Al 0.85-1.20, Mo | Al 0.85-1.20, Mo | Al 0.85-1.20, Mo | Al 0.85-1.20, Mo | Al 1.00-1.50, Mo 
0.15-0.25 0.30-0.45 0.20-0.30, Ni 3.25- | 0.15-0.25, Se0.15- | 0.20-0.30 
3.75 0.25 
0.283 0.283 0.283 0.283 0.283 
30 30 30 30 30 
6.5 x 106 6.5 x 10 6.5 x 10-6 6.5 x 10 6.5 x 10-6 
0.11-0.12 0.11-0.12 0.11-0.12 0.11-0.12 0.11-0.12 
27-29 27-29 27-29 27-29 27-29 
Yes Yes Yes Yes Yes 
29-30 x 108 29-30 x 106 29-30 x 108 29-30 x 10¢ 29-30 x 108 
1384, 121» 1598, 145» 132, 1904 126° 108¢ 
120%, 103» 141s, 125» 114°, 180¢ 0" 84e 
20%, 23> 18%, 20% 22°, 154 17* 17° 
58*, 62> 56%, 64» 59¢, 434 44s 19¢ 
280°, 230 | 3208, 285» 277°, 4154 255" — 














Cases produced by nitriding these steels will have hardnesses in the range Rockwell 15N 94 to 95, 
excepting case on Nitralloy N which will range from. about Rockwell 15N 92 to 93 

















65%, 80> 9 a EA i 
= 458, 2482, 903, g0e4 - a on 
1650-1700 1650-1700 1500-1550" 1650-1700 o- 
1700-1750 1700-1750 1625-1675 1700-1750 1625-1675 
1100-1300 | 1100-1300 | 1100-1300 1100-1300 | 1100-1300 








930-1050 for periods ranging to 100 hr; 24 to 48-hr treatments are most widely used 
| | | 
1950-2200 1950-2200 | 1950-2200 | 1950-2200 1950-2200 








Can be welded by atomic hydrogen process using Nitralloy welding rod; also flash welding 


Provided the outer skin or white layer is not removed, the nitrided case is resistant to alkalis, crude oil, 
natural gas combustion products, tap water and unagitated salt water. Case is attacked by mineral acids. 
Removal of the white layer greatly reduces resistance to attack 





Most uses based on resistance to wear. Cylinder liners and barrels in aircraft engines, bushings, shafts, 
piston pins, spindles and thread guides, cams and camshafts, rubber and paper mill rolls 





aCore properties; oil quenched from 1700 F, tempered at 1200 F. 

bCore properties; oil quenched from 1700 F, tempered at 1300 F. 

cCore properties; oil quenched from 1650 F, tempered at 1200 F, before nitriding. 
dCore properties; oil quenched from 1650 F, tempered at 1200 F, after nitriding 
eCore properties; oil quenched from 1650 F, tempered 5 hr at 1375 F. 


{Proportional limit. 


cHeat treated to 269 Bhn and tested (gl) unnitrided, unnotched; (g2) unnitrided with V notch; (g3) nitrided, unnotched; (g4) nitrided 


with V notch. 


hMust be cooled rapidly below 1150 F to avoid precipitation hardening. 
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Properties of ASTM PRESSURE VESSEL 


) 
STEELS 
































HIGH TEMPERATURE STEELS "7 
ASTM DESIGNATION A-204 Mo A-387 (Supersedes A-301) Cr-Mo —s 
Grade A GradeB | Grade C Grade A Grade B Grade C Grade D | : “te 
| T ; _— 
COMPOSITION, % based on 1” gage C .18, : "Ge C .23, C .21, © 77, C .17, C .15, Cc 
Firebox quality. Mn .90, Mn .90, Mn .90, Mn .36-.84, Mn .36-.69, Mn .36-.69, Mn .27-.63, Mr 
Values are max. unless otherwise P .035, P .035, P .035, P .035, P .035, | PG, P .035, Pp 
indicated S .04, S .04, S .04, S .040, S .040, i; § .040, S .040, = 
Si .13-.32, Si .13-.32, Si .13-.32, Si .13-.32, Si .13-.32, Si .48-1.02, Si .50, Si 
Mo .41-.64 Mo .41-.64 | Mo .41-.64 Cr .46-.79, Cr .75-1.31, | Cr .94-1.56, Cr 1.88-2.62, | Cr; 3.37 
Mo .40-.70 Mo .40-.70 | Mo .40-.70 Mo .85-1.15 Mo 115 
| ‘ 
PHYSICAL PROPERTIES (c 
Density, Ib./cu. in. 0.283 0.283 
Magnetic Prop. Magnetic. Some residual magnetism remains. Magnetic. Some residual magnetism remains. 
PROCESS Open Hearth or Electric Furnace Open Hearth or Electric Furnace Electric Furnace on!y 
Fbx. Fbx. Fbx. Fbx. Fbx. Fbx. Fbx. Fbx 
MECHANICAL PROPERTIES As Rolled As Rolled As Rolled Annealed Annealed Annealed Annealed Annealed 
Mod. of Elast. in Tension, psi 29-30x10 | — 29-30x106 29-30x108 29-30x108 29-30x10® |  29-30x10® | 29-30x10® |  29-30,108 
Tensile Strength, 1000 psi 65-77 70-85 75-90 65-82 60-82 60-85 60-85 60-85 
Yield Point, 1000 psi min. 37 40 43 40 35 35 30(b) 30(b 
Elong. (in 2 inches), % 25 | 23 22 24 24 24 20 20 
Red. of Area, % min. 50 50 
Typical Hardness, Brinell(c) 140-165 150-180 165-200 140-175 135-175 135-180 135-180 135-180 
Impact Str., Charpy Keyhole 
| 














THERMAL TREATMENT 


Over 2” gage requires grain refinement by normal- 
izing. Under 2” may be as-rolled or stress-relieved, 
normalized, or normalized and stress-relieved. 


All gages require grain refinement by either an- 
nealing, or normalizing and tempering. No quench- 


ing in liquid medium permitted. 


All gages require annealing or 
normalizing and tempering 





FABRICATING PROPERTIES(c) 
Formability 


Weldability 


May be hot or cold formed. 
May be manual or machine welded. 


For all gages preheat and elevated interpass 
temperature are desirable. Stress relief desirable. 
Peening may be necessary for gages over 1 inch. 


May be hot or cold formed. 


May be manual or machine welded. 


For gages under 4” preheat and elevated interpass temperature are desirable 
Stress relief desirable. Peening may be necessary for gages over 1” thick 





AVAILABLE FORMS 


Plate form only. Flange quality to max. gage of 2” 
incl. Grades A and B, Fbx. quality to max. gage of 
6” incl. Grade C, Fbx. quality to max. gage of 4” incl. 


Plate form only. For Grades A, B and C Flange quality to max. gage of 2” 
incl., for Fbx. quality to max. gage of 6” incl. For Grades D and E to max 


gage of 6” incl. 





USES 





Boilers, other pressure vessels for service up to 
1000°F inclusive. 





Boilers, other pressure vessels. Grade A for service up to 1000°F, Grades B 


C, D, & E for service up to 1200°F inclusive. 





ABBREVIATIONS: S.R., stress relieve; Fbx., firebox quality; Fig., Flange Quality 
(a) Charpy Keyhole values are those required when specification made to ASTM A-300 specification. 
(b) Values for these materials are yield strength (1000 psi, min.). 
(c) Data or properties are not part of ASTM specifications. 


Properties of LUKENS “T-1" CONSTRUCTIONAL ALLOY STEEL 











(trademark) 
“T-1" CONSTRUCTIONAL ALLOY STEEL 
QUALITY Composition, % Mod. of Elast.in | Tensile Strength | Yield Strength Elong.in 2” Reduction of | Typical Hardness Impact Str. Thermal Treatment 
Tension, 1000 psi. |1000 psi (1” gage) | 1000 psi (1” gage) | Min. % (1” gage) | Area, % (1” gage) Brinell Charpy Keyhole 
REGULAR C .10-.20, Mn .60-1.00, 30x10 115-135 100 min. 18 50 250-280 = Water quench 
P .04, S .05, Si .15-.35, and temper 
Ni .70-1.00, Cr .40-.80, 
/Mo .40-.60, V .03-.10, 
Cu .15-.50, B .002-.006 
321 MIN. BHN same same - _ - _ 321 min. = sal 
FLANGE same same 115-135 100 min. 18 50 250-280 - sar 
FIREBOX same* same 115-135 100 min. 18 50 250-280 15 ft. Ibs. at —50°F (a) sar 
FIREBOX TO ASTM same* same 105-135 90 min. 17 - 250-280 15 ft. Ibs. at —50°F(a) sar 
CASE 1204-3 
































*For Firebox quality, check analysis limit of P 0.035 max. and 
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LOW TEMPERATURE STEELS 


HIGH STRENGTH STEELS 









































— A-203 Ni A-353 Low C, High Ni |A-410-57T Cr-Cu-Ni-Al A-202 Cr-Mn-Si A-225 Ma-V A-302 Mg-Mo 
| T 
“eas Grade B Grade C Grade D Grade E _ _ Grade A Grade B Grade A Grade B Grade A | Grade B 
7 C .20, C .25, IC .17, |C .20, C .13, C .12, Ga, IC .25, C .18, C .20, C .20, 20, 
Wn 80 Mn .80, Mn .80, Mn .80, iMn .80, Mn .80, Mn .55-1.00, Mn1.00-1.45, |(Mn1.00-1.45, |Mn 1.45, |Mn 1.45, Mn .90-1.35, ta 10-1.55, 
p 035, P .035, P .035, P .035, P .035, P .035, P .040, P .035, IP .035, P .035, 1P .035, P .035, P .035, 
S .04 S .04, S .04, S .04, S .04, S .040, S .040, S .04, 2, 04, S .04, iS .04, S .040, 1S .040, 
ci [3-.32, Si .13-.32, |Si .13-.32, {Si .13-.32, | Si .13-.32, St .ta-.ae, Cu .40-.75, Si .54-.96, i .54-.96, {Si .13-.32, |Si.13-.32, |Si.13-.32, |Si .13-.32, 
Wi? 13-2 Ni 2.13-2.67 | Ni 2.13-2.67 |Ni 3.18-3.82 | Ni 3.18-3.82 Ni 8.40-9.60 be .08-.37, Cr .31-.64 er 31-.64 |V .07-.16 V .07-.16 Mo .41-.64 |Mo 41-.64 
2 i .47-.98, 
Cr .44-1.01, | | 
Al .04-.30 
— 
0.283 0.286 0.283 0.283 0.283 0.283 
agnetic. Some residual magnetism remains. Magnetic. Magnetic. Magnetic. Magnetic. Magnetic. 
High residual Some residual Some residual Some residual High residual 
magnetism magnetism magnetism remains. magnetism remains. magnetism remains. 
remains. remains. 
Open hearth Open hearth Open hearth Open hearth Open hearth 
Open hearth or electric furnace or electric furnace} or electric furnace or electric furnace or electric furnace or electric furnace 
ee | 
Fbx Fox. |  Fbx. | — Fbx. Fbx. Fox. Fox. Fox. Fbx. Fox. Fbx. Fbx. Fbx. 
As Rolled | As Rolled | As Rolled | As Rolled As Rolled , — Normalized As Rolled As Rolled As Rolled As Rolled As Rolled As Rolled 
| ormalized 
F9-30x10° | 29-30x108 | 29-30x10® | 29-30x10® | 29-30x10¢ ras 
65-77 70-85 75-90 65-77 70-85 90 min. 60 min. 75-90 85-100 70-85 75-90 75-95 80-100 
37 40 43 37 40 60 (b 30 45 47 40 43 45 50 
25 23 22 25 23 22 24 21 20 23 22 21 20 
140-165 150-180 165-200 140-165 150-180 200 135 165-200 180-210 150-180 165-200 165-205 170-210 
15 ft. Ibs. at —75° F (a | 15 ft. Ibs. at —150° F (a 15 ft. Ibs. 15 ft. Ibs. 
at —320° F (a) at —150° F (a) , 
Over 2” gage requires grain refinement by normalizing All gages require | All gages require Over 2” gage requires Over 2” gage requires 
Under 2” may be as-rolled or stress-relieved, normal- double normaliz- | grain refinement grain refinements by grain refinement by 
ized, or normalized and stress-relieved. ing. by normalizing. normalizing. Under 2” normalizing. Under 2” 
gage may be as-rolled, gage may be as-rolled, 
stress-relieved, nor- stress-relieved, nor- 
malized, or normalized malized, or normalized 
and stress-relieved. and stress-relieved. 
May be hot or cold formed. May be hot May be hot May be hot May be hot May be hot 


Can be manual welded. 


For gages under 4” preheat and elevated interpass 
temperature are desirable. 


Peening may be necessary. 


Stress relief desirable. 


or cold formed. 


Can be manual 
welded. 


Austenitic 
trodes are desir- 
able. No preheat 
required. 
relief desirable. 


or cold formed. 


Can be manual 
welded. 


elec- 
thick, prehea 


Stress} terpasstemp. are} lief desirable. Peening 
desirable. S.R.| may be necessary. 
desirable. 


For gages over 2” 


and elevated in- 


or cold formed. 


May be manual 
or machine welded. 


For all gages preheat and 
t} elevated interpass temp. 
are desirable. Stress re- 


or cold formed. 


May be manual 
or machine welded. 


For gages over %” pre- 
heat and elevated inter- 
pass temp. are desirable. 
Stress relief desirable. 
Peening may be neces- 
sary. 


or cold formed. 


May be manual 
or machine welded. 


For over .15 carbon pre- 
heat and elevated inter- 
pass temp. are desirable. 
S.R. desirable. Peening 
may be necessary. 





Plate torm only. Flange quality to max. gage of 2” incl. 
Grades A and B, Fbx. quality to max. gage of 6” incl. 


Plate form only. 
Fbx. quality only 


Plate form only. 
Fbx. quality only. 


Plate 


form only. Fbx. 
quality only to max. gage 


Plate form only. Fig. quai- 
ity to max. gage of 2” 


Plate form only. Fig. qual- 
ity to max. gage of 2” 





Grades C, D and E, Fbx. quality to max. gage of 4” incl. to max. gage of of 2” incl. incl. Grades A and B, Fbx.| incl. Fbx. quality to max. 
2” incl. quality to max. gage of] gage of 4” incl. 
4” incl. 
Boilers, other pressure vessels, low temp. applications Primarily for] Primarily for} Boilers, other pressure} Boilers, other pressure} Boilers, other pressure 


or elevated temp. up 


to 1000° F incl. 


tions. 





pressure vessels 
used in low tem- 
perature applica- 


tions. 





pressure vessels 
used in low tem- 
perature applica- 


1000° F inclusive. 





vessels for service up to 





vessels for service up to 
1000° F inclusive. 





vessels for service up to 
1000° F inclusive. 








es 





F ormability 


a 


| Weldabitty 


Corrosion Resistance 


Available Forms 


Uses 





Cold forming advised. 
Power requirements 3 
to 4 times carbon steel. 
Springback greater than 
carbon steel. For bend- 


ing use liberal radius. 


May be manual or ma- 
chine welded. Moder- 
ate preheat and inter- 
pass temp. beneficial 
for restrained joints 
and heavy gages. 





Atmospheric corrosion 
resistance approx. 4 
times that of carbon 
steel. 





| Plates up to 10” gage 
| inclusive. 





Plates up to 6” gage 
inclusive. 


Plates up to 2” gage 
inclusive. 


Plates up to 6” gage 
inclusive. 


pe Ys” page up to 
” gage inc 


usive. 





Heavily loaded (static 
or dynamic) structural 
applications. 


impact abrasion resis- 
tance application. 


Heavily loaded (static 
or dynamic) structural 
applications. 


same as above 


ASME Code pressure 
vessels for temp. from 
—50°F through 650°F. 








This data developed and compiled by 
Lukens Steel Company, producers of 
alloy and clad steel plate and heads in 
the widest range of sizes available any- 
where. Depending on gage plates are 
available in widths up to 195” and 
lengths up to 720”. 


For copies of this chart, enlarged to 
24"x18”, or for further information on 
the steels described, write to Manager, 
Marketing Service, 245 Lukens Build- 
ing, Coatesville, Pennsylvania. 











ervice care 
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SANDVIK CAN 
THE 


SPRING STEEL 


That Fits 


Your Purpose’ 
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SANDVIK STEEL, INC. 
1702 Nevins Road « Fair Lawn, New Jersey 


Tel. Swarthmore 7-6200 
In N.Y.C. Algonguin 5-2200 


For more information, turn to Reader Service card, circle No. 548 
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For more data on 


STAINLESS 
GRAY IRON CASTINGS 


CARBON AND 
LOW ALLOY CASTINGS 


Reprints of MATERIALS IN DESIGn 
ENGINEERING MANUALS on these 
engineering materials are now avail. 
able at 35¢ per copy. Each Manual! 
is a complete and comprehensive 
discussion to guide you in materials 
selection and use. If you would like 
copies, write today. 


“The New Stainless Steels,”’ 16 pp. New 
stainless steels have been developed in 
recent years to provide special proper. 
ties for particular applications. This 
manual discusses the properties and ap. 
plications of high manganese grades, 
extra low carbon grades, wrought pre 
cipitation-hardenable grades, cast precip. 
itation-hardenable grades, and ferritic 
stainless steels for elevated temperature 
service. 


“Gray Iron Castings,’’ 16 pp. Low cost 
of gray iron combined with its excellent 
machinability, castability and damping 
capacity, and its resistance to heat, wear 
and corrosion account for its wide pop 
ularity as a basic engineering material 
Gray iron deserves primary considera 
tion whenever a cast metal is being se 
lected. This manual presents the engi 
neer with all basic data needed. Included 
are: Engineering properties; Design con 
siderations; Heat treatment; Finishing 
and joining; and Applications. 


“Carbon and Low Alloy Steel Castings,” 
16 pp. In specifications, design and 
processing, these castings differ from 
comparable rolled, welded or forged 
steel parts. Close cooperation between 
foundrymen and the specifying engineer 
is needed to get the best steel casting 
at the lowest price. This manual gives 
the information you must have to con: 
sult intelligently with the foundry, in 
cluding: Properties, Design, Heat Treat: 
ing, Specifications, Joining, and Inspec 
tion. 


For copies of M/DE Manuals 
at 35¢ each, write to: 


Reader Service Department 
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430 Park Avenue, New York 22, N. Y 








How they’re using 





























ail. 
‘a Wallace Barnes Cold-rolled Specialty Steels 
als 
ike 
lew 
In 
a 1. In Three Drawing Stations 3. All Flanging One Operation 
IS 
- The part shown in illustration one was made from Our third part is a gun stamping made from .70- 
es, 59 -.74% carbon steel in three drawing stations. From 80% carbon with a sharp bend with the grain in one 
‘. 70 - .80% carbon, this piece should have four or five stroke of the press. Higher carbon will fracture due to 
itic drawing stations. The piece could be made from its less ductile qualities. 
sre 90- 1.05% carbon, but would require seven drawing 
stations with fully annealed steel. 
ost 
ent 
ing 
ear 
Op 
al. 
ra: 4. Thirteen Steps Progressive 
“ 2. Blanked on 45° Angle 
BI The fastener shown in the fourth illustration was 
4 The stamping shown in the second illustration was made from the .59 — .74% carbon steel, the only spring 
ng made from .70—.80% carbon spring steel. It was steel which would take the bends and draws to which 
blanked and pierced on a 45° angle, with small holes it is subjected here. All the higher carbon steels were 
- pierced to prevent fracture in later forming and bending. rejected because they failed under the cold-work neces- 
nd It was then given severe secondary forming. The small sary to produce the two small extrusions. It took seven 
m tab shows “orange peel’? and probable fracture would reductions to bring these extrusions within tolerance. 
ed occur if the part were formed from .90 — 1.05% carbon. There were thirteen steps total in the progressive die. 
en 
er 
ne These examples show how proper steel selection may save opera- 
es tions and insure satisfactory performance. Among the many sizes 
n- and types of Wallace Barnes cold-rolled specialty steels is the right 
in. one for your application. Send ' 
st: for ‘Physical Property Charts” 
C- giving tensile strength and form- 
ing properties of Wallace Barnes 
tempered steels. 
aol 
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Bristol, Connecticut 
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and uses of low melting fusible alloys of 
bismuth, lead, tin and cadmium. Tells how 
to make the alloys into chucks, cores, dies, 
punches and molds. 74 
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heat treatment. 82 
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Type »> 1100 3003 3004 
COMPOSITION, % Al 99.0 min Mn 1,0-1.5 | Mn 1.0-1.5, Mg 0.8-1.3 
PHYSICAL PROPERTIES | 
a ki on a weanisiene ede eis 0.098 0.099 0.098 
Melting Temp Range, F.................... 1190-1215 1190-1210 1165-1205 
Ther Cond (77 F, annealed), Btu/hr/sq ft/°F/ft 128 lll 93.8 
Coef of Ther Exp (68 to 212 F), per °F...... 13.1 x 10-* 12.9 x 10-6 12.9 x 10-6 
Specific Heat (212 F), Btu/Ib/°F............ 0.22 0.22 0.22 
Electrical Resistivity (68 F), microhm-cm 
er 2.92 3.45 4.10 
NN I vss accnctceecevssnes 3.02 4.31 4.10 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi.............. s Sell 10 x 106 10 x 10° | 10 x 10° 
Tensile Strength (75 F), 1000 psi | 
NED, ics vcs. ceedderesssnceand 13 16 26 
EI ies vena veneer sides dime’ 18 (H14) 22 (H14) | 35 (H34) 
ee cue enn daee sie 24 (H18) 29 (H18) | 41 (H38) 
Yield Strength (75 F), 1000 psi | 
ec ss vend caa ake 5 6 | 10 
ES oc tn cee neanevesneacen 17 (H14) 21 (H14) | 29 (H34) 
i cciiceknas dacs yd adhe eck 22 (H18) 27 (H18) 36 (H38) 
Elongation (in 2 in., 75 F), %* 
/ 
| EN cline cicdeedes eds naen 35, 45 30, 40 20, 25 
i RS ise oo URN is wakes 9, 20 (H14) 8, 16 (H14) 9, 12 (H34) 
' Rs cv dc kes pasbhesdcaesaans 5, 15 (H18) 4, 10 (H18) 5, 6 (H38) 
Hardness (Brinell)> 
ss chains wake ap eun saedie 23 28 45 
a i506 ean aeasva's® eine 32 (H14) 40 (H14) 63 (H34) 
SS 44 (H18) 55 (H18) 77 (H38) 
Endurance Limit, 1000 psi 
ck iacesaiens se eass-0 00h 5 7 14 
Ee 04 ck aGa~neaseenerwads 7 (H14) 9 (H14) 15 (H34) 
rr 9 (H18) 10 (H18) 16 (H38) 
Shear Strength, 1000 psi | 
a cvisanvccdcnesecst occa’ 9 ll 16 
kanes wxnecvincanes ene’ 11 (H14) 14 (H14) 18 (H34) 
con ndededced 13 (H18) 16(HI8) | 21 (H38) 
FABRICATING PROPERTIES | 
| | Saree 650 775 | 650 
Hot Working Temp Range, F................ 500-950 500-950 500-950 
re Good Good Good 
Relative Weldability° 
ME ion Kehdnvananeeg¥a cova A A B 
ng RPO ess Seer © A A | A 
Electrical Resistance..................... A A A 













CORROSION RESISTANCE 


High resistance to rural, industrial and marine atmospheres. Good resistance to 
most neutral or nearly neutral fresh waters; sea water; many foodstuffs; organic 
acids and anhydrides; alcohols; aldehydes; esters; ketones; oils, gasoline, greases, 
waxes, and other petroleum derivatives; ammonia and ammonium compounds; 
nitric acid above 82%; essential oils; amides; nitroparaffins ; coal tar derivatives; 
hydrogen peroxide; and many neutral aqueous inorganic salt solutions 









AVAILABLE FORMS 


Sheet, plate, wire, rod, bar 
























Rivets, forgings, impact | Extruded shapes, tubing, | Sheet, plate 
extrusions forgings 
USES Cooking utensils, heat exchangers, pressure and | Hydraulic tubing for com- 
storage tanks mercial vehicles, storage 
tanks 
Chemical equipment, re- | Ductwork, truck panels, 
flectors architectural applica- 
tions, builders’ hardware 











, 
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*Values given for '4-in. sheet and \-in. bar, in that order. 
tLetter A indicates most favorabie, B less favorable, etc. Values relative to aluminum alloys only. 
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»500-kg load, 10-mm ball. 
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Aluminum and Its Alloys—continued 































































































Type »> 5050 5052 5056 
COMPOSITION, % Mg 1.0-1.8 Mg 2.2-2.8, Cr 0.15-0.35, | Mn 0.05-0.20, Mg 4.7-5.6, 
Cr 0.05-0.20 
PHYSICAL PROPERTIES 
Density, Ib/cu in......... weasecbeasenonte 0.097 0.097 0.095 
Melting Temp Range, F........ wer sniuaiien 1160-1205 1100-1200 1055-1180 
Ther Cond (77 F, annealed), Btu/hr/sq ft/°F /ft 111 79.2 67.4 
Coef of Ther Exp, per °F 
nce seccanavaidaenennth 13.2 x 10-6 13.2 x 10-6 13.4 x 10-6 
6 aie wh wi deren bic iededth 14.2 x 10-6 14,3 x 106 14.5 x 106 
Specific Heat (212 F), Btu/Ib/°F............ 0.22 0.22 0.22 
Electrical Resistivity (68 F), microhm-cm 
Ee saaeea soeeen — 4.93 5.94 
Hard (H18 or H38)*........... eaten cA — 4.93 6.39 
MECHANICAL PROPERTIES 
Mod of Elasticity in Tension, psi............. 10 x 108 10.2 x 108 10.3 x 106 
Tensile Strength (75 F), 1000 psi 
cri dcdesecaaaseesenneha 21 28 42 
EE eres si tecrdinensxvecakaseeeis 28 (H34) 38 (H34) — 
BE een ina as bib ebieeed ee 32 (H38) 42 (H38) 60 (H38) 
Yield Strength (75 F), 1000 psi 
Annealed (0)............ 0.00 cece ce uee 8 13 22 
ee sci epenedeeendecaadensers 24 (H34) 31 (H34) —, 
i esknenkecareinverdiess sas ; 29 (H38) 37 (H38) 50 (H38) 
Elongation (in 2 in., 75 F), %* 
Annealed (0)..............00005. visaedd 24 25, 30 —,35 
Half Hard.............. sesasadeencexacke 8 (H34) 10, 14 (H34) _ Metals: 
acts enencdendads ooevnn’ 6 (H38) 7, 8 (H38) —,15 (H38) 
Hardness (Brinell)> 
re 36 47 65 
sc oveeedeeeddsceeweueesil 53 (H34) 68 (H34) — 
tras taanace sha eneenceneseted 63 (H38) 77 (H38) 105 (H18), 100 (H38) 
Endurance Limit, 1000 psi 
ace tanncteebene ds cans 12 16 20 
_ «sre 13 (H34) 18 (H34) _— 
eh es abew.dinsesvedekesut 14 (H38) 20 (H38) 22 (H38) 
Shear Strength, 1000 psi 
Annealed (0).............0......2-0000- 15 18 26 
Half Hard.............. ianeer ni adaanl 18 (H34) 21 (H34) — 
iti sZbadnnadecse sah edeteseneds 20 (H38) 24 (H38) 32 (H38) 
FABRICATING PROPERTIES 
Annealing Temp, F..................00000- 650 650 650 
Hot Working Temp Range, F................ -— 500-950 500-950 
Machinability.................. pabueoiwes Good Good Good 
Relative Weldability® 
Ee esa 50 snnp caine adadee i B B C 
RE ere ere ees A A A 
Ereeereees Mesistanes.........ccccecsesse. A A B 
CORROSION RESISTANCE High resistance to rural, industrial and marine atmospheres. Good resistance to 
most neutral or nearly neutral fresh waters; sea water; many foodstuffs; organic 
acids and anhydrides; alcohols; aldehydes; esters; ketones; oils, gasoline, greases, 
waxes, and other petroleum derivatives; ammonia and ammonium compounds; 
nitric acid above 82%; essential oils; amides; nitroparaffins; coal tar derivatives; 
hydrogen peroxide; and many neutral aqueous inorganic salt solutions 
AVAILABLE FORMS Sheet, plate, drawn tube | Sheet, plate, wire, rod, | Rod, wire 
bar, drawn tubing 
USES Decorative refrigerator | Bus and truck bodies, air- | Cable sheathing, rivets 
parts, coiled tubes, | craft tubing, milk crates, | for magnesium 
builders’ hardware fan blades, kitchen cabi- 
nets 
Values given for 1/16-in. sheet and %-in. bar, in that order. b500-kg load, 10-mm ball. 


eLetter A indicates most favorable, B less favorable, etc. Values relative to aluminum alloys only. 
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Aluminum and Its Alloys—continued 






































Type »> 2011 2014%> 2017 
COMPOSITION, % Cu 5.0-6.0, Pb 0.2-0.6, Cu 3.9-5.0, Si 0.5-1.2, Cu 3.5-4.5, Mn 0.4-1.0, 
Bi 0.2-0.6 Mn 0.4-1.2, Mg 0.2-0.8 | Mg0.2-0.8 
PHYSICAL PROPERTIES 
ns ecncnaed seee sree: 0.102 0.101 0.101 
Melting Temp Range, F.................... 995-1190 950-1180 955-1185 
Ther Cond (77 F, annealed), Btu/hr/sq ft/°F /ft 81.7 111.0 99.4 
eo 8 8 ky Se 
ae 12.8 x 10+ 12.5 x 10-6 12.7 x 10 
his aalcaeind ibis’ 13.9 x 10 13.6 x 10 13.9 x 10 
Specific Heat, Btu/Ib/°F................... 0.23 0.22 0.22 
Electrical Resistivity (68 F), microhm-cm. .... 4.31 (T3) 3.45 (0), 4.31 (76) 3.83 (0), 5.75 (T4) 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi................ 10.2 x 10° 10.6 x 106 10.5 x 10° 
Tensile Strength, 1000 psi 
i ES re — 27 26 
ids cp stsenesbheenaceess 44s 55 (T3), 59 (78) 62 (T4), 70 (T6) 62 (T4) 
Yield Strength (0.2% offset), 1000 psi 
I Snack tink cub acsiaeeeen — 14 10 
es ac ennc ya eulininddes ices 43 (T3), 45 (T8) 42 (T4), 60 (T6) 40 (T4) 
Elongation (in 2 in.), % 
SR re — 18 22 
ES ee 15 (73), 12 (T8) 20 (T4), 13 (76) 22 (T4) 
Hardness (Brinell) 
oii ins ob pe eahaen asin — 45 45 
a 95 (T3), 100 (T8) 105 (T4), 135 (16) 105 (T4) 
Endurance Limit, 1000 psi 
es Aeiny oe cavaaiennnenes — 13 13 
sn cine pein epibund 18 (T3), 18 (T8) 20 (T4), 18 (T6) 18 (T4) 
Shear Strength, 1000 psi 
ian ccbnicessoseesacennia _ 18 18 
Te 32 (T3), 35 (T8) 38 (T4), 42 (T6) 38 (T4) 
FABRICATING PROPERTIES 
Annealing Temperature, F.................. 775 775 775 
Solution Temperature, F................... 950 940 940 
Aging Temperature, F...................... 320 340 = 
nds acve a wetincssens sa sits A (T3,T8) A (T6) A (T4) 
Relative Weldability« 
es Syn ecadcddhangdiends D D D 
6 n650.49000604680eeekae D B B 
Electrical Resistance. .................... D B A 
CORROSION RESISTANCE Compared to other aluminum alloys, this group has high resistance to rural atmos- 
pheres, fairly good resistance to industrial atmospheres, and poor resistance to 
marine atmospheres and sea water. More susceptible to corrosive attack than 
other groups of wrought aluminum alloys. Both degree and nature of the attack 
are greatly influenced by thermal treatment. Clad sheet alloys generally have 
high corrosion resistance 
AVAILABLE FORMS Rod, hexagon bar, wire | Extruded shapes, rolled | Rod, bar, wire 
shapes, forgings, rod, bar 
USES Screw machine products | Heavy duty forgings, | Screw machine products 
power shovel bails, air- 
plane fittings, structural 
members 











a2014 available clad with 6053. 
bSimilar to 2014 is Hardclad 301. Core: 4.0-5.0 Cu, 0.75-1.2 Si, 0.70-1.0 Mn, 0.25-0.55 Mg. Claddings: 0.50-0.90 Si, 0.25- 
0.75 Mn. 0.80-1.2 Mg. 

cLetter A indicates most favorable, B less favorable, ete. Relative to aluminum alloys only. 
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Aluminum and Its Alloys—concluded 
































Type »> 2018 2218 20242 
COMPOSITION, % Cu 3.5-4.5, Mg 0.45-0.9, | Cu 3.5-4.5, Mg 1.2-1.8, Cu 3.8-4.9, Mn 0.3-0.9, 
Ni 1.7-2.3 Ni 1.7-2.3 Mg 1.2-1.8 
PHYSICAL PROPERTIES 
Density, Ib/cu im. .... 2.0.0... cece cece eee 0.101 0.102 | 0.100 
Melting Temp Range, F..................5. 945-1180 940-1175 935-1180 
Ther Cond (77 F, annealed), | | 
Btu/hr/sq ft/°F/ft.. 2.2.00... eee eee, 89.0 97.0 111.0 
Coef of Ther Exp, per °F | 
ee 12.4 x 10-6 | 12.4 x 104 12.6 x 10 
ee a de eedncnaceven 13.4 x 104 13.5 x 10* 13.7 x 10-6 
Specific Heat, Btu/Ib/°F............000005. 0.22 | 0.22 0.22 
Electrical Resistivity (68 F), microhm-cm. .... ous | _ 3.45 (0), 5.75 (74) 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi................. 10.8 x 106 10.8 x 108 10.6 x 10° 
Tensile Strength, 1000 psi | , 
ss errr ere _ — 27 
odin ened endon 61 (761) 48 (172) 70 (T3) 
Yield Strength (0.2% offset), 1000 psi 
Annealed (0)........... -alaabuineceteds - | _ 11 
re 46 (161) | 37 (172) 50 (T3) 
Elongation (in 2 in.), % 
acc n sc raadendcetiatenseds am _ 20° 
Heat Treated.................cecceeeeee. 12 (161)! | 11 (T72)¢ 18 (T3)° 
Hardness (Brinell) | 
Annealed (0).............0ccceeeeeeeues - | — 47 
Heat Treated....... 0.0... .cceceeeeeueees 120 (T61) 95 (172) 120 (T3) 
Endurance Limit, 1000 psi 
PIE, so cccwccccccctcccsecceceses —_ _ 13 
Heat Treated... oo... cece eee ences 17 (161) — 20 (T3) 
Shear Strength, 1000 psi 
Annealed (0). ..............cceceeeeeees - | — 18 
FE Ps evicedateecdescececvenesees 39 (T61) | 30 (172) 41 (T3) 
FABRICATING PROPERTIES | 
Annealing Temperature, F 775 | 775 175 
Solution Temperature, F.................... 950 950 920 
Aging Temperature, F....... 340 460 375 
Machinability®........... 0.0... ..e0e cucu ees A 4 A (13) 
Relative Weldability° 
_ Sp ree D | - D 
EE ee B | ~ B 
Electrical Resistance..................06. B | - B 











CORROSION RESISTANCE 


Compared to other aluminum alloys, this group has high resistance to rural atmos- 
pheres, fairly good resistance to industrial atmospheres, and poor resistance to 
marine atmospheres and sea water. More susceptible to corrosive attack than 
other groups of wrought aluminum alloys. Both degree and nature of the attack 
are greatly influenced by thermal treatment. Clad sheet alloys generally have 


high corrosion resistance 





AVAILABLE FORMS 


Forgings 


Forgings 


Sheet, plate, rod, bar, 
tubing, wire, rivets, ex- 
truded shapes 





USES 


Aircraft engine cylinder 
heads and pistons 





Aircraft engine cylinder 
heads and pistons; jet 
engine impellers andcom- 
pressor rings 





Screw machine products 











eElongation in 2 in. 









fElongation in 1% in. 





eLetter A indicates most favorable, B less favorable, etc. Relative to aluminum alloys only. 


42024 alse available as sheet and plate clad with aluminum of 99.3% min purity. 
gElongation 


in % in. 
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Nonferrous Metals 


Cast Aluminum Alloys’ 





























ASTM Type »> C4A CS42A CS43A SC64A 
COMPOSITION, % Cu 4.5, Al bal Cu 4.5, Si 2.5, Al bal Cu 4.0, Si 3.0, Al bal | Cu 4.5, Si 5.5, Al bal 
PHYSICAL PROPERTIES | 
Density, Ib/cu in... 0.101 0.100 0.100 0.100 
Solid. Temp Range, F 1195-1020 1160-980 1160-970 1140-960 
Ther Cond (as cast, 68 F), Btu/hr/sq ft/°F /ft 82.5 92.5 70 82 
Coef of Ther Exp (68-212 F), per °F..... 12.7 x 10- | 12.2 x 10-6 12.2 x 10-6 11.9 x 10-8 
Elec Cond (as cast), % IACS............. 36 42.5 31 37 
MECHANICAL PROPERTIES | 
Ten Str, 1000 psi 
As Cast - _ 19 
Sol’n Heat Treated....... 32 37 —_ 
Soi’n Treated & Aged... 40 | 40 | — 
Yid Str (0.2% offset), 1000 psi | 
SS Ee ee — — 14 16 
Sol’n Heat Treated......... 16 22 ~ 
Sol’n Treated & Aged... 30 | 26 — 
Elong (in 2 in.), % | 
SERS Re ~- ~ 1.5 
Sol’n Heat Treated... . 8.5 9.0 — 
Sol’n Treated & Aged 2.0 5.0 — 
Hardness (Brinell 
As Cast... aes cis — — ~ 
sor'n Heat Treated.................... 60 75 — - 
Sol’n Treated & Aged... 95 90 _ me 
Endurance Limit, 1000 psi 
Sol’n Heat Treated............ 6 9.5 -- oe 
Sol’n Treated & Aged................. 7 -- — - 
Compr Yid Str, 1000 psi 
ae _ — | — 16 
Sol’n Heat Treated. ... 16 22 — te 
Sol’n Treated & Aged 38 26 — = 
Shear Str, 1000 psi 
eS — — _ 
Sol’n Heat Treated... 24 30 - 
Sol’n Treated & Aged 31 32 - 
| —— 
THERMAL TREATMENT 
ec ivebeoeves 650 650 | 650 650 
I oo. ci veaeeunscisavees 960 960 | 960 940 
a one nemen 310 310 310 310 
FABRICATING PROPERTIES 
Machinabilitye................ AB | AB C C 
Weldability« | 
ESPs Ceri C C B A 
A hte a EE ae B B D A 
ie a a ee B | B B A 





——— 





CORROSION RESISTANCE 


Good corrosion resistance; alloys containing silicon are superior. In general: Resistant to nitric, 
chromic and most organic acids; attacked by hydrochloric and sulfuric acids. Resistant to am- 
monium hydroxide; attacked by sodium, potassium and calcium hydroxides. Resistant to many 
salts, but attacked by salts of heavy metals. Resistant to attack by industrial and marine atmospheres 





AVAILABLE FORMS 


Sand castings 


| Permanent mold cast- 
| ings 


Sand castings 


| Permanent mold cast- 


ings 























USES Crankcases, bus | Aircraft fittings, fuel | Manifolds, valve bod- | Parts’ requiring pres- 
wheels, housings, | pump bodies, gear | ies, pressure-tight | sure tightness 
spring hangers, fittings | housings, seat frames | parts 

* General purpose castings. eA =excellent, AB = very good, B = good, C = fair, D = poor. 
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Cast Aluminum Alloys—continued” 





ASTM Type » 


G4A 


GI0A 


SSA 


SG70A 





OMPOSITION, % 


PHYSICAL PROPERTIES 
Density, Ib/cu in. 
Solid. Temp Range, F. 
Ther Cond (as cast, 68F), Btu/hr/sq ft/°F /ft 
Coef of Ther Exp (68-212 F), per °F 
Elec Cond (as cast), % IACS. .. 


MECHANICAL PROPERTIES 
Ten Str, 1000 psi 
As Cast 
Sol’n Heat Treated 
Aged... 
Yid Str (0.2% offset), 1000 psi 
As Cast... ; 
Sol’n Heat Treated 
Aged. 64 
Elong (in 2 in.), % 
As Cast 
Sol’n Heat Treated 
Agedé. . 
Hardness (Brinell) 
As Cast 
Sol’n Heat Treated 
Aged« 
Endurance Limit, 1000 psi 
As Cast. . - 
Sol’n Heat Treated... 
Compr Yid Str, 1000 psi 
As Cast 
Sol’n Heat Treated 
Agede 
Shear Str, 1000 psi 
As Cast 
Sol’n Heat Treated. 


THERMAL TREATMENT 
Annealing Temp, F 
Solution Temp, F. . 
Aging Temp, F. 


FABRICATING PROPERTIES 
Machinability 
Weldabilitye: ‘ 

Gas. . 4 
Resistance. . 


Mg 4.0, Al bal 


0.095 
1185-1075 
80 
13.3 x 10-6 
35 


25 


20 


650 
950 
310 


4A 


B 
A 
B 


| 


Mg 4.0, Al bal 


0.093 
1150-840 
51 
13.6 x 10-6 
21 


26 


33 


650 
960 
310 


A 


D 
C 
B 


Si 5.25, Al bal 


0.097 
1175-1070 
85 
12.2 x 10-* 
38 


6.0 


40 


650 
960 
310 





Si 7.0, Mg 0.35, Al bal 


0.096 


1130-1075 


92 


11.9 x 10-6 


4} 


25, 40 


Metal: 





650 
1000 
310 


Pr 
>>> 





CORROSION RESISTANCE 


Very good corrosion resistance; alloys containing silicon are superior. In general: Resistant to 


nitric, chromic and most organic acids; attacked by hydrochloric and sulfuric acids. 


Resistant to 


ammonium hydroxide; attacked by sodium, potassium and calcium hydroxides. Resistant to many 
salts, but attacked by salts of heavy metals. Resistant to attack by industrial and marine atmospheres 





AVAILABLE FORMS 


Sand castings 





Sand castings 


castings 





| Sand and perm mold | Sand and perm mold 
| castings 





USES 





Dairy and food han- 


dling equipment, cook- 
ing utensils, chemical 
fittings, hardware 





Aircraft fittings, levers, | Sand—marine fittings, | Sand—automotive 


brackets, parts requir- 
ing shock resistance | 


food handling equip- 


ment, pipe fittings 


| Permanent mold — re 
frigerator fittings, car- | 
| buretor bodies, thin- | 
section general pur- | 


| pose castings 





transmission cases, 
housings, aircraft fit- 





» Corrosion resistant castings. 


‘ Where two values are given they refer to sand and permanent mold castings, respectively. 


¢ First value obtained by artificial aging; second value by solution treating and aging. 
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continued 





Nonferrous Metals 


Cast Aluminum Alloys—continued‘ 





ASTM Type > 


CG100A 


CN42A 


SCSIA 





COMPOSITION, % 


PHYSICAL PROPERTIES 
ee 
Solid. Temp Range, F................ eee 
Ther Cond (as cast, 68 F), Btu/hr/sq ft/°F/ft 
Coef of Ther Exp (68-212 F), per °F........ 
Elec Cond (as cast), % IACS............... 

MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi 

Artificially Aged............. 

Sol’n Treated & Aged......... 
Yield Strength (0.2% offset), 1000 

Artificially Aged........... 

Sol’n Treated & Aged. 
Elongation (in 2 in.), % 

Artificially Aged. . .. 

Sol’n Treated & Aged 
Hardness (Brinell) 

Artificially Aged............. 

Sol’n Treated & Aged. . 
Endurance Limit, 1000 psi 

Artificially Aged. ............ 

Sol’n Treated & Aged.................... 
Compressive Yield Strength, 1000 psi 

I hc sacidascccecscsseces 

Sol’n Treated & Aged.................... 
Shear Strength, 1000 psi 

Artificially Aged......... 

Sol’n Treated & Aged...... 


psi 


—— 


THERMAL TREATMENT 
Annealing Temp, F 
Solution Temp, F.. 
Aging Temp, F.... 


FABRICATING PROPERTIES 
Machinability © 
Weldability®: ‘ 

ae 
aca. ea cS Ge oa 
IE Se a ee 





CORROSION RESISTANCE 


Cu 10.0, Mg 0.25, Al bal 


| Al bal 


0.103 
1160-1005 
77 
12.2 x 10-6 
34 


37 
48 


35 
36 


0.5 
0.5 


115 
140 


40 
36 


27 
30 


650 
950 
310 


WWs 
woo 





Cu 4.0, Mg 1.5, Ni 2.0, 


0.101 
1165-995 
87 
12.5 x 10-6 
38.5 


40 
47 


34 
42 


1.0 
0.5 


105 
110 


10.5 
9.5 


34 
46 


26 
31 


650 
960 
310 


wma 
woo 


Cu 1.25, Si 5.0, Mg 0.5, 
Al bal 


0.097 
1160-1070 
87 


39 


28 
43 





Good corrosion resistance; alloy SC51A is superior. In general: Resistant to 
nitric, chromic and most organic acids; attacked by hydrochloric and sulfuric 
acids. Resistant to ammonium hydroxide; attacked by sodium, potassium and 


calcium hydroxides. 
metals. 


Resistant to many salts, but attacked by salts of heavy 
Resistant to attack by industrial and marine atmospheres 








AVAILABLE FORMS 


Sand and permanent 
mold castings 


Sand and permanent 
mold castings 


Sand and permanent 
mold castings 





USES 





Sand—cylinder heads, 
bearing caps, bushings, 
tappet guides. Perma- 
nent mold—Meter parts, 


automotive pistons, bush- 


ings, bearings 





Sand—cylinder heads, 
diesel engine pistons 





Sand—cylinder heads, 
water jackets, housings, 
printing press bed plates. 
Permanent mold — air- 
craft supercharger im- 
pellers, timing gears, 
meter parts, rotors 





¢ High temperature resistant castings. 


eA = excellent, AB = very good, B = good, C = fair, D = poor. 
f The two values refer to sand and permanent mold castings, respectively. 
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Cast Aluminum Alloys—concluded‘ 








ASTM Type »> G8A $5C S12A SC84A 
OMPOSITION, % Meg 8.0, Al bal Si 5.25, Al bal Si 12.0, Fe 1.3 max, | Cu 3.5, Si 8.5, Fe 1.3 
max, Al bea! 
PHYSICAL PROPERTIES 
Density, Ib/cu in. 0.093 0.097 0.097 0.097 
Solid. Temp Range, F 1150-995 1175-1070 1085-1065 1100-1000 
Ther Cond (as cast, 68 F), Btu /hr/sq ft 56 84 70 58 
Coef of Ther Exp (68-212 F), per °F 13.3 x 10-6 12.2 x 10-6 11.4 x 10-6 11.7 x 10-6 
Elec Cond (as cast), % |ACS 24 38 31 25 
MECHANICAL PROPERTIES 
Ten Str, 1000 psi... 45 30 39 46 
Yid Str (0.2% offset), 1000 psi 27 16 21 25 
Elong (in 2 in.), % 8.0 9.0 2.0 3.0 
Endurance Limit, 1000 psi 23 17 19 19 
Compr Yid Str, 1000 psi 27 16 21 25 
Shear Str, 1000 psi 27 19 25 29 
FABRICATING PROPERTIES ; 
Machinability® 4 C A AB 
Weldability : 
Gas. D B D D 
Arc D B D D 
Resistance D C D D 


CORROSION RESISTANCE 


AVAILABLE FORMS 


USES 





Die castings 


Die castings 


Aircraft fittings and | General purpose cast- 
brake shoes, 
fittings, hardware 


ings 


Good corrosion resistance; alloys containing silicon are superior. 
chromic and most organic acids; attacked by hydrochloric and sulfuric acids. 
monium hydroxide; attacked by sodium, potassium and calcium hydroxides. 

salts, but attacked by salts of heavy metals. Resistant to attack by industria! and marine atmospheres 


Die castings 


In general: Resistant to nitric, 
Resistant to am- 
Resistant to many 


Die castings 
Dental equipment, out- | General purpose cast- 


board motor pistons, 
typewriter frames 





1 Die castings 
eA excellent, AB very good, B 
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Nonferrous Metals 


Cobalt and Its Alloys 



























































Type »> Cobalt AMS 5385C AMS 5537 
COMPOSITION, % Co 99.9 | €0.06-0.3,Co98 | C0.20-0.35,Mn1.0 | C0.05-0.15, Mn 1.0- 
| max, Ni 1.5-3.5,Mo | 2.0, Ni 9-11, Cr 19- 
| 4.5-6.5, Cr 25-30, Fe | 21, Fe3.0 max, W 14- 
| 2.0 max, Si 1.0 max, | 16, Si 1.0 max, Co 
L B 0.07 max | 46-53 
PHYSICAL PROPERTIES | 

Density, Ib/cu in.. aiid bathed 0.322 ~ 0.299 | 0.333 

peenng Pom, F............... 2723 — 2465 2570 

Ther Cond, Btu/hr/sq ft/°F/ft..... 479 — 101 (392 F) os 

Coef of Ther Exp, per °F........ 6.8 x 10-6 — 7.8 x 106 ons 

Magnetic? ters dd wks 04 Miah wes ON Yes Yes | Yes Yes 

Curie Temperature, F.............. 2039 -- — | _ 

Thermal Neutron Absorption, weiee | 
RSE eae Oar 34.8 — | — 

MECHANICAL PROPERTIES | | | 

Mod of Elast in Tension, psi....... 30 x 106 | ~- 16.8 x 106 35 x 108 

Tensile _ 1000 psi | 
Annealed. . ep ears 37 43-75 — 145-165 
sintered.......... ektelsecaen 98.5 | — — _ 

) Cold Worked........ asaaae 100 | _ - | a0 
As Cast. Bo whee 34.4 | 61 103 | bs 
: Aged 50 hr at 1300 F..... oer — | — 125 | — 

Yield Strength, 1000 psi 
Er e 28-41 20-65 | — 65-85 
I a so ac ns kad sane 43.8 | — _ _ 
RNS stares sides cess yaa 20-43 33 | 82 —_ 

Aged 50 Hr at 1300 F............ — ~ | 110 — 

Elongation (in 2 in. , % | | 
Annealed. . Dra 0-8 | 13 | ia 70-55 
Sintered (1 in. ). PIPER Met” 13.5 _ _ - 

Cold Worked. . a cae cae 2-8 | _ - — 
As Cast.. :edeachael 0-4 5-30 8 ow 
Aged 50 Hr at 1300 F..... yk — - 2 — 
Hardness (Brinell) 
Annealed. . a iat oad 121-1314 138 — 225 
Sintered (VHN).. Re 173 _ a — 
EE ok 88s ha iv se eee 124-130 | 100-131 | Ra65 _ 
Aged 50 Hr at 1300 F... vr — Ra/l _ 

Compressive Strength, 1000 psi | | 
SESE ee es 117 140 -- — 
dike Ab icdcwseeese 122 175 -- | — 

Mod of Elast in Shear, psi......... 11.1 x 106 — _ ioe 

Impact Strength, ft-lb 
OGM TOM... ccc scccccccccees — _ 2.9» 120¢ 
Ere — — 11» _ 

THERMAL TREATMENT 

Annealing Temp, F............... — _ 2175-2200 2225 

ere — _- - 2200 

Hardening Temp, F............... — —_ 1475-1500 _ 

FABRICATING PROPERTIES 

Hot Working Temp Range, F...... 930-1100 — _ — 

ness sve iee ne tessess Possible Possible Poor Good 

Ee _ “= Shield arc Good 

CORROSION RESISTANCE Excellent Excellent Resistant to oxidizing | Highly resistant to 
media, flue gases scaling and oxida- 
tion at elevated tem- 
peratures 
AVAILABLE FORMS Rondelles, powders | Rondelles, powders | Precision castings, | Sheet, plate, bar, 
sand castings, bar, | tubing, wire 
sheet, welding rod 
aAt 1500 F as cast. cIzod impact strength on notched or unnotched specimen; actually specimen stops pendulum. 


bCharpy V-notch. dHardness of electrolytic cobalt is 270-810 Bhn. 
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Former! ate st hods 





Columbium, Tantalum, Tungsten and Molybdenum 

















Metal » Columbium Tantalum Tungsten Molybdenum 
PHYSICAL PROPERTIES 

Density, Ib/cu in.. 0.31 0.60 0.70 0.37 
Melting Point, F 4379 5425 6152 4760 
Ther Cond (212 F), Btu/hr/sq ft 

F /ft ve 31.5 35 96.6 84.5 
Coef of Ther Exp (70 F), per °F.. 3.82 x 10 3.6 x 10-* 2.2 x 10-6 3.0 x 10-* 
Specific Heat, Btu/Ib/°F........ 0.065 0.036 0.034 0.065 
Elec Res (68 F), microhm-cm 14.2 12.4 5.48» 5.17% 

MECHANICAL PROPERTIES 

Mod of Elast in Tension, psi..... - 27 x 106 50 x 106 42 x 10¢ 
Ten Str, 1000 psi 

re 50 50-100 — 85-130°, 884 

Cold Worked. ................ 100 110-180 70-300 120-175° 
Yid Str, 1000 psi 

Annealed........ — — w — 

Cold Worked. .... — _ _ - 
Elong (in 2 in.), % 

Annealed. . 30 11-40 — 47°, 424 

Cold Worked 5 1-1.5 0 le 
Hardness (Rockwell) 

Annealed. . E80 E60 - B95°¢’ 

Cold Worked. . E95 C37-C47 


FABRICATING PROPERTIES 
Workability. . 


Annealing Temp, F 


Machinability 


Joining 


CORROSION RESISTANCE 


E100 


Easily cold worked 


1950 in vacuum 


with proper lubricants 


Weldable to itself and 
other metals by resist- 
ance or inert arc welding. 
Special methods neces- 
sary 

Resistant to most acids 
(except hydrofluoric) ; re- 
sistant to most liquid 
metals. Less resistant 
to alkalis 


Like cold rolled steel, | 


Easily cold worked 


1950 in vacuum 





Like cold rolled steel, 
with proper lubricants 


Weldable to itself and | 
other metals by resist- 
ance or inert arc welding. 
Special methods neces- 
sary 


More resistant than col- 
umbium to acids (except | 
hydrofluoric); resistant | 
to most liquid metals, 
metallic salts and com- 
pounds. Less resistant 
to alkalis 


| Must be hot worked ex- 


cept fine wire 


1830 in protective atm 


Difficult, even with spe- 
cial tools and methods; 
grinding recommended 


Weldable to itself by inert 
arc with special methods: 
to other metals by braz- 
ing or resistance welding 


Resists most acids and al- 
kalis to 212 F, attacked 
by nitric-hydrofluoric 
mixture at room temper- 
ature, by aqua regia at 
212 F 


| Anneal to specified me- 


| life is shorter 




























C22-27° 


Thin sheet and wire can 
be cold worked, heavier 
material hot worked 





chanical properties 


Like cast iron, but tool 





Thin sheet can be resist- 
ance welded, heavier sec- 
tions inert arc welded 
with special methods. Can 
be brazed to other metals 
Moderately resistant to 
acids and alkalis up to 212 F, 
attacked by _nitrichydro- 
fluoric mixture at room 
temperature, by aqua 
regia at 212 F 





AVAILABLE FORMS 


Bar, rod, wire, sheet, foil, 


cated parts 


tubing, powder, fabri- 
| cated parts 


| Bar, rod, wire, sheet, foil, | 


tubing, powder, fabri- | 
| 


Bar, rod, wire, sheet, 
powder, fabricated parts 






Bar, rod, wire, sheet, tub- 
ing, powder, fabricated 
| parts 





Nuclear reactors, missles, 
rockets, chemical plant 
equipment, electronic 
tubes 





Capacitors, chemical 
plant equipment, elec- 
| tronic tubes, rectifiers, 
surgical implants, nuclear 
reactors, missiles, rock- 
ets, aircraft 





Lamp filaments, electri- 
cal contacts, nuclear re- 
actors, rockets, missiles, 
aircraft, radiation shields, 
electronic tube parts, 
x-ray targets 












| Glass melting electrodes, 
| electronic tube parts, fur- 
| nace heating elements, 
electrical contacts, air- 
craft, missile and rocket 
| structural parts, guidance 


| systems 





¢ From powder. 


¢ Arc melted. 
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Nonferrous Metals 


Coppers and Plain Brasses 





































































































Electrolytic Deoxidized Beryllium Commercial 
Type »> Tough Pitch Copper Copper Gilding, 95% Bronze, 90% 
Copper 
COMPOSITION, % Cu 99.90 min, Cu 99.90 min, | Be1.90-2.15,Co | Cu 94.0-96.0, Cu 89.0-91.0, 
| O about 0.04 P 0.015-0.040 | 0.20-0.35,Cubal | Zn bal Zn bal 
PHYSICAL PROPERTIES | | | 
ends nec ohed cede duedewsededen 0.321-0.323 | 0.323 | 0.296-0.298 | 0.320 0.318 
Re I Fc. ccccvccewancdcccecs 1949-1981 | 1981 ' 1600-1800 | 1920-1950 1870-1910 
Ther Cond (68 F), Btu/hr/sq ft/°F/ft............ 226 196 100-110* 135 109 
Coef of Ther Exp (68-572 F), per °F.............. 9.8 x 10-6 9.8 x 10-6 9.3 x 10-6 10.0 x 10-6 10.2 x 10-6 
Ss ee 0.092 0.092 0.10° 0.09 0.09 
Elec Res (68 F, annealed), microhm-cm........... 1.71 | 2.03 |  4,82-5.828 3.1 3.9 
MECHANICAL PROPERTIES | | | 
Mod of Eiast in Tension, psi.............0...0-. 17 x 108 7x10 =| 19x1® | 17x10 17 x 108 
Ten Str, 1000 psie | | | 
LA bk awd bus oe keane dain bedanwee 32, 35 32 | 60-80, 60-80¢ 34 | 37, 40 
NN cian ve uwwaeees 50, 55 | 50 165-185, 165-185! 56 54, 74 
Yid Str, 1000 psie-4 
ES eee ee ee 10 | 10 | 25-35, 20-30¢ 10 10 
RS ii. anced d eee bee xekda nada 45 45 (130-150, 150-1705! 50 54 
Elong (in 2 in.), %e | | | | 
| ET Dor 45, 35 | 45 | 35-50, 35-50° | 45 | 45, 50 
| As cases xin Senden sian ha sis calard 6, 1.5 | 8 | 3-12,2-5f | 5 | 5,4 
i Hardness (Rockwell) 
ET ca con ahe bie eaedehcdusscneace F40 F40 B50-65¢ F46 | F53 
EDL s, 2 . cla ded aghkiabecensdewek B50 B50 C36-41! B64 B70 
Shear Str, 1000 psie | | 
TE IES ss cis cnt einsecenscdceadaks 22, 24 22 50-60¢ 26 28, 30 
ME ie til kos sue deeaAehcieudenves’s 28, 29 28 90-100! | 37 38, 42 
Endurance Limit (10® cycles), 1000 psic | 
GTN Bah cd cnWntekdwankeodubadene ll _ 30-35, 12-20¢« | — 10 
Re te ee 13 19 35-40, 120-140'« -- 17, 21 
FABRICATING PROPERTIES 
ee gets Jats i on Excellent Excellent | Good | Excellent Excellent 
Fe in gap oun scwawaeces Excellent | Excellent | Excellent Good Good 
DF vive abibbededveusedaas 1400-1600 | 1400-1600 | 1050-1475 1400-1600 1400-1600 
NE ss... ude cdndeesSaaeavandle ve 700-1200 | 700-1200 | 1400-1475 800-1450 800-1450 
Machinability Index®.......................000. 20 20 20 20 20 
Joining 
SESS ET RE Excellent Excellent | Excellent Excellent Excellent 
Silver Alloy Brazing................cccccceee: Good Excellent Good Excellent | — Excellent 
Oxyacetylene Welding.....................05. Poor Fair Poor Fair Good 
Carbon Arc Welding....................ec00- Fair Good Excellent Good Good 
esis ve iVadvedcdadebees Poor Poor Excellent Poor Poor 





CORROSION RESISTANCE 






Generally good resistance to industrial, rural and marine atmospheres; also gasolines, fuel 
oils and lacquers. Generally poor resistance to ammonia, ferric and ammonium compounds, 
and cyanides. Good resistance to weak acids and bases; some resistance to strong acids 


and bases 





AVAILABLE FORMS 







Flat products, 
rod, wire, tube, 


Tube, pipe, rod, 


rolled strip 


Flat products, 
rod, wire, tube, 


Rolled strip 


Rolled strip, 
sheet, wire, 


















bile radiators; 
electrical con- 
tacts, con- 
ductors and 
switches; ball 
floats; rivets; 
chemical proc- 
ess equipment 





exchanger 
tubes ;air,water, 
gasoline and oil 
lines; rotating 
bands 


plunger guides, 
bushings, bear- 
ings, cams, dia- 
phragms, bel- 
lows, electrical 
contacts, resis- 
tance welding 








electrodes 


caps, primers, 
jewelry, base 
for gold plate 
or vitreous 
enamel 





pipe, shapes pipe, shapes tube, plate, rod 
Architectural | Plumbing and | Instrument and | Coins, bullet Grillwork, cos- 
USES trim; automo- | gas lines; heat | valve springs, | jackets, fuse | metic compacts, 


marine hard- 
ware, primer 
caps, costume 
jewelry, vitre- 
ous enamel base 










* Heat treated. b86-212 F. 


fAnnealed and heat treated 2-3 hr at 600 F. 


40.5% extension under load except beryllium copper (0.2% offset). 
€Proportional limit. 
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¢Where two values or ranges appear, second is for wire. 


eSolution annealed. 
hBased on free-cutting brass = 100. 





Coppers and Plain Brasses—concluded 








Type »> 


Red Brass, 85% 


Low Brass, 80% 


Cartridge Brass, 70% 


Yellow Brass 


Muntz Metal 





COMPOSITION, % 


Cu 84.0-86.0, Zn bal 


Cu 78.5-81.5, Zn bal 


Cu 68.5-71.5, Zn bal 


Cu 63.0-68.5, Zn bal 


Cu 59.0-63.0, Zn bal 





PHYSICAL PROPERTIES 











Density, Ib/cuin........... 0.316 0.313 0.308 0.306 0.303 
Melting Temp Range, F..... 1810-1880 1770-1830 1680-1750 1660-1710 1650-1660 
Ther Cond (68 F), 

Btu/hr/sq ft/°F/ft...... 92 81 70 67 71 
Coef of Ther Exp 

(68-572 F), per °F....... 104x106 10.6 x 10-6 11.1 x 10° 11.3 x 10 11.6 x 10-6 
Spec Ht (68 F), Btu/Ib/°F. . 0.09 0.09 0.09 0.09 0.09 
Elec Res (68 F, annealed), 

microhm-cm............ 47 5.4 6.2 6.4 6.2 

MECHANICAL PROPERTIES 

Mod of Elast in Tension, psi. 17 x 106 16 x 108 16 x 106 15 x 106 15 x 108 
Ten Str, 1000 psi 

re 39, 41 42, 44 44, 48 46, 50 54 

ers 70, 88 74, 107 76 74, 110 ‘i 
Yid Str, 1000 psi 

ee 10 12 ll 14 21 

OR cane oo Se 57 59 63 60 oe 
Elong (in 2 in.), %e 

Annealed.......... sweat 48 48 52, 55 66, 64 65, 60 45 

Hard...... eee ienaee 5,6 1,9 8 8,8 _ 
Hardness (Rockwell) 

Annealed.............. F56 F57 F54 F58 F80 

See B77 B82 B82 B80 oa 
Shear Str, 1000 psi¢ 

PE ew inasehaesses 31, 31 32, 32 32, 34 32, 34 40 

Tee 42, 48 43, 53 44 43, 55 _ 
Endur Limit (10® cycles), 

1000 psi¢ 
cc tcercuceeews 10.5 14 10 13.5 _ 
cstcetineconas 21, 29 22, 23 21 19, 20 _ 
FABRICATING PROPERTIES 

Cold Workability........... Excellent Excellent Excellent Excellent Fair 
Hot Workability............ Good Fair Fair Poor Excellent 
Hot Working Temp, F...... 1450-1650 1500-1650 1350-1550 = 1150-1450 
Annealing Temp, F........ 800-1350 800-1300 800-1400 800-1300 800-1100 
Machinability Index:....... 30 30 30 30 40 
Joining 

Soft Soldering.......... Excellent Excellent Excellent Excellent Excellent 

Silver Alloy Brazing...... Excellent Good Good Good Good 

Oxyacetylene Welding. . .. Good Good Good Good Good 

Resistance Welding. ..... Poor Poor Fair Fair Fair 

















CORROSION RESISTANCE 


Generally good resistance to industrial, rural and marine atmospheres; also gasolines, fuel oils and lacquers. 
Generally poor resistance to ammonia, ferric and ammonium compounds, and cyanides 





Good res to weak 
acids and bases; 
some res to strong 
acids and bases. 
Highlyres to dezinc- 
ification or stress- 
corrosion cracking 


Susceptible to dezincification and stress corrosion cracking 





Good res to weak 
bases; some res to 
strong bases and 
weak acids; poor res 
to strong acids 


Some resistance to weak acids and bases; poor resistance to strong 
acids and bases. Good resistance to sulfides. Poor resistance to soft 
and high salinity water 





AVAILABLE FORMS 


Rolled strip, sheet, 
wire, tube, pipe 


Wire, rolled strip and 
flat wire 


Rolled strip and bar, 
flat wire, sheet, rod, 
wire, tube 


Rolled strip and flat 
wire, drawn flat wire, 
sheet, plate, rod, wire 


Rolled strip and bar, 
sheet, plate, rod, tube 





USES 





Weatherstrip, elec- 
trical sockets, fasten- 
ers, heat exchanger 
tubes, flexible hose, 
plumbing, jewelry 





Ornamental metal 
work, battery caps, 
musical instruments, 
clock dials, pump 
lines 





Automotive radiator 
cores and tanks, 
lamp fixtures, fasten- 
ers, springs, ammu- 
nition components 





Grillwork, reflectors, 
lamp fixtures, fasten- 
ers, stencils, plumb- 
ing accessories, 
springs 





Architectural trim, 
large nuts and bolts, 
candenser plates, hot 
forgings, valve stems 








¢Where two values appear, second is for wire. 





40.5% extension under load. 







iBased on free-cutting brass = 100. 
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Nonferrous Metals 


Cast Leaded Tin Bronzes 








BBIIl Grade » 





COMPOSITION, % 





Density, Ib/cu in. 

Melting Temp Range, F 

Ther Cond (68 F), Btu/hr/sq ft 

Coef of Ther Exp (70-350 F), 
per °F... 

Electrical Conductivity (68 F), 
% IACS 


F/ft 


MECHANICAL PROPERTIES® 
Mod of Elast in Tension, psi 
Tensile Strength, 1000 psi 
Yield Strength (0.5% ext), 1000 psi 
Elongation (in 2 in.), % 
Reduction of Area, % 
Hardness (Brinell).... 
Impact Strength (Izod), ft-lb 
Compressive Yield Strength 

(0.001-in. set), 1000 psi 





FABRICATING PROPERTIES 
Casting Temp Range, F 
Light Castings... . 
Heavy Castings. 





CORROSION RESISTANCE 





USES 





2A 2B 2C 
.| Cu 88, Sn 6, Pb 1.5, Zn | Cu 87, Sn 8, Pb 1, Zn 4 | Cu 87, Sn 8, Pb 1, Zn 2 
4.5 
0.311-0.318 0.314-0.320 0.314-0.320 
1830 1830-1570 1830-1570 
28 28 
10.3 x 10° 10 x id 10 x 10-¢ 
14 ll 1] 
12-16 x 10° 10.6-16 x 106 10.6-16 x 106 
36-48 33-43 36-46 
16-21 16-24 18-26 
25-40 18-30 15-25 
16-33 15-30 12-26 
60-72 60-75 65-80 
11-16 12-15 7-10 
12-15 9-1] 12-14 
2000-2300 2100-2300 1200-2300 
1920-2100 1920-2100 


1900-2150 


Generally the same as nonleaded alloys of similar composition 


Oil pumps, gears, | General utility struc- 
bushings, high duty | tural bronze, pipe fit- 
bearings, ornamental | tings, expansion joints, 
bronze pressure valves and 
fittings 


expansion joints 


i 





aValues are given for the as-cast condition. 
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Bolts, nuts, gears, 
valves, pump pistons, 
pressure pipe fittings, 





















Cast High-Leaded Tin Bronzes 








BBIl Grade » 3A 3B 3D 3E 

COMPOSITION, % Cu80,Sn10,Pb10 | Cu83,Sn7,Pb7,2n3 | Cu78,Sn7,Pb15 | Cu71,Sn5, Pb 24 
PHYSICAL PROPERTIES 

Density, Ib/cu in. 0.321-0.328 0.320-0.322 0.329-0.340 0.332-0.343 

Melting Temp (approx), F 1770 1800 1750 1700 

Ther Cond (68 F), 

Btu/hr/sq ft/°F/ft.... 27 id ; 2 
Coef of Ther Exp (70-400 F), per °F 10.2 x 10-6 10 x 10-6 10.3 x 10-6 on 





MECHANICAL PROPERTIES 








Mod of Elast in Tension 8.5-13 x 106 — 8.8-12.6 x 10° 9-12 x 108 
Ten Str, 1000 psi 27-37 30-38 25-33 23-30 
Yid Str (0.5% ext), 1000 psi ; 15-22 17-21 14-20 11-15 
Elongation (in 2 in.), % 8-12 12-20 10-18 7-16 
Red. of Area, % 5-11 10-22 8-15 5-12 
Hardness (Brinell) 55-70 55-65 50-60 42-35 
Impact Str (Izod), ft-lb 2-8 4-6 4-6 
Compr Yid Str (0.001-in. set) | 
1000 psi 12.5-16 — 13-16 | 12-14 
FABRICATING PROPERTIES 
Casting Temp Range, F 
Light Castings 2000-2250 2000-2250 2000-2250 2000-2200 
Heavy Castings 1850-2100 1900-2050 1900-2100 1850-2000 
CORROSION RESISTANCE Generally the same as for nonleaded alloys of similar composition 
USES General purpose bush- | General purpose bear- | Bearingbronzefor mod- | Bearings operating at 
ing and bearing alloy ing alloy, bushings, | erate pressure, mine | high speed and light or 
automobile fittings water pump parts medium pressure 








given for the as-cast condition. 
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Nonferrous Metals 


Cast Leaded Red and Semi-Red Brasses 








BB11 Grade » 


Leaded Red Brass 





Leaded Semi-Red Brass 





oA 


9B 





NOMINAL COMPOSITION, % 


PHYSICAL PROPERTIES 
eS sid ah bean aesser news 
SE UNS oid iuescescecscccesces 
Ther Cond (68 F), Btu/hr/sq ft/°F/ft. .. 
Coef of Ther Exp (70-400 F), per °F 
Elec Cond (68 F), % |ACS 





MECHANICAL PROPERTIES2 
Mod of Elast in Tension, psi... .. 
Ten Str, 1000 psi.......... 
Yid Str (0.5% ext), 1000 psi 
Elongation (in 2 in.), % 
Se te ee 
CP ORTOP EP ERE EPEC TTT 
a 
Compr Yd Str (0.001-in. set), 1000 psi 





FABRICATING PROPERTIES 
Casting Temp Range, F 
re sly ds idsatsesieeb iawn 
Heavy Castings 





CORROSION RESISTANCE 


USES 


Cu 81, Sn 3, Pb 7, 
Zn 9 


0.311-0.318 
1800 


7.7-14.3 x 108 
29-39 
13-17 
18-30 
15-27 
50-60 
6-10 


Cu 76, Sn 3, Pb 6 
Zn 15 


0.309-0.314 
1775 


10-14 x 10¢ 
30-40 
12-16 
20-35 
15-30 
90-60 


8-10 


4A 4B 
Cu 85, Sn 5, Pb 5, | Cu 83, Sn 4, Pb 6, 
Zn 5 | Zn7 
0.314-0.321 | 0.311-0.314 
1840-1550 1800 
36 — 
10.9 x 10-6 —_ 
15 _ 
9.1-14.8 x 10° ~- 
33-46 30-38 
17-24 12-17 
20-35 15-27 
17-32 12-25 
55-65 | 50-60 
6-12 _— 
10-12 11-12 
2100-2350 2100-2300 
1950-2150 1950-2150 


2100-2300 
1950-2150 





Generally the same as for nonleaded alloys of similar composition 





Low pressure valve | Air, gas and water 
bodies, pipe fittings, | fittings, valves, 
pump impellers, | pump parts, hard- 
plumbing goods, | ware, carburetors, 





small gears injectors 


Low pressure valves 
and fittings, hard- | 
ware, plumbing fit- 
tings, ornamental 
castings 


2100-2300 
1950-2150 


Plumbing fixtures, air 
and gas fittings, hard- 
ware, low pressure 
valves and fittings 





® Values are given for the as-cast condition. 
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Cast Aluminum Bronzes 




















BBII Grade » SA 9B 9C | 9D 
COMPOSITION, % Cu 87.5, Al 9, Fe 3.5 | Cu 89, Al 10, Fe 1 | Cu83min, Al 10-11.5,| Cu 81, Al 11, Fe 4, 
Fe 3-5, Ni 2.5 max, | Ni4 
Mn 0.5 max 
PHYSICAL PROPERTIES 
Density, Ib/cuin................. 0.267 0.270 0.272 0.273 
Melting Point Range, F......... — 1900 1910-1850 1937 
Ther Cond (68 F), 

Btu/hr/sq ft/°F/ft............. — 33 — 22 
Coef of Ther Exp, per °F.... 9.5 x 10-6 9.5 x 10-6 9.0 x 10-6» — 
Elec Res (68 F), microhm-cm 13 13.5 12 7.5 

MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi... 17 x 108 15 x 106 18 x 10° 17 x 108, 
Ten Str, 1000 psi , 

Se 75 67 75 95 

Sand Cast & Heat Treated... -- 90° 1054 115¢ 
Yid Str (0.5% ext), 1000 psi 

IN cs lc atiinicaadnscd 27 32 35 45 

Sand Cast & Heat Treated... 40° 524 70¢ 
Elongation (in 2 in.), % 

il lice kita gas oii 35 15 18 7 

Sand Cast & Heat Treated....... -- 15¢ 104 Be 
Hardness (Brinell) 

IIE oa ntccudc ceases 120 140 155 195 

Sand Cast & Heat Treated. . 180¢ 2304 235¢ 

THERMAL TREATMENT 
Normalizing Temp, F......... Heat to 1500, furnace cool to 1000, air cool 
Quenching Temp, F.............. 1600-1700 | 1600-1700 1600-1700 1600-1700 
Tempering Temp, F........ 700-1200 | 700-1200 700-1200 700-1200 





FABRICATING PROPERTIES - 
Castability 


Machinability Index 
(free-cutting brass = 100)....... 


Rr. 5, voids vane badaeeaed 


























Because of narrow freezing ranges and high shrinkage, aluminum bronzes are difficult to 
cast. In addition, they are sensitive to gases. In melting, precautions must be taken to 
minimize stirring and breaking the oxide skin on the surface of the melt to prevent absorp- 
tion of gases. In pouring, agitation must be avoided, and castings are generally bottom 
gated to reduce turbulence. Shrinkage difficulties are overcome by use of large risers 


(to feed the casting) and chills 





20-30 20-30 








20-30 





20-30 





Can be welded by carbon arc, inert-gas arc and resistance methods. Can be brazed with 
silver brazing alloys, but require special fluxes 








CORROSION RESISTANCE 


Generally good resistance to atmosphere, water and salt water, and salt solutions. Some 
resistance to alkaline solutions and nonoxidizing inorganic acids. Poor resistance to 
ammonia compounds, ferric salts and oxidizing inorganic acids 











USES Machine parts, pump impellers and castings, gears, rolling mill bearings, segments and 
washers, bearings, chemical plant equipment, pickling equipment such as chains and 
hooks, marine propellers, pump casings, fittings | 

270-250 F. b70-500F. 





eWater quenched from 1625 F, tempered at 1125 F, water quenched. 
dWater quenched from 1625 F, tempered at 1000 F, water quenched. 
eWater quenched from 1625 F, tempered at 1150 F, water quenched. 
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Nonferrous Metals 


Phosphor Bronzes 






















Type » Phosphor Bronze, 5% Phosphor Bronze, 8% Phosphor Bronze, 10% | Phosphor Bronze, 1.25% 
(Grade A) (Grade C) (Grade D) (Grade E) 
COMPOSITION, % Cu 94.0 min, Sn 3.5-5.8, | Cu 90.5 min, Sn 7.0-9.0, | Cu 88.5 min, Sn 9.0-11.0, | Cu 98.5 min, Sn 1.0-1.5, 
P 0.03-0.35 P 0.03-0.35 P 0.03-0.25 P trace 
PHYSICAL PROPERTIES 
Density, Ib/cu in................ 0.320 0.318 0.317 0.321 
Melting Temp Range, F......... 1750-1920 1620-1880 1550-1830 1900-1970 
Ther Cond (68 F), Btu/hr/sq ft/ 
RSS E err 47 36 29 120 
Coef of Ther Exp (68-572 F), 
A ciebeddlowens 4 65.4 9.9 x 10 10.1 x 10 10.2 x 10+ 9.9 x 10+ 
Spec Ht (68 F), Btu/Ib/°F....... 0.09 0.09 0.09 8.09 
Elec Res (68 F, annealed), mi- 
er 9.6 13 16 3.6 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi..... 16 x 10 16 x 10 16 x 10¢ 17 x 10 
Ten Str, 1000 psi* 
pada dvsasaseecens 47, 50 55, 60 66, 66 40,— 
isc ceedreeanennes 68, 85 76, 105 83, 118 §5,— 
ti ndadaadensed sens 81, 110 93, 130 100, 147 65, 76 
aa iescesnesenevesee 100, 140 112, — 122, — 75,— 
ch a¢0daeeneene’ 107, — 120, — 128, — _-,— 
Yid Str, 1000 psi 
PM biceastesecccecceds 19 24 28 14 
RP 55 55 _— _ 
eee coach seceeusaens 75 72 oo 50 
Elong (in 2 in.), % 
ES 64 70 68 48 
eis dinhkewenseeun 28 32 32 16 
ai eiase een cccanson 10 10 13 8 
i danscrsevnseseees 4 3 4 4 
ee 3 2 3 _ 
Hardness (Rockwell) 
ss B26 B50 B55 _ 
CG svcessdesanaeeedd B78 B84 B92 B64 
ES ee B87 B93 B97 B75 
de cacnsencen ced B95 B98 B101 B79 
rise tietenboewn B97 B100 B103 — 
FABRICATING PROPERTIES 
Cold Workability............... Excellent Good Good Excellent 
Hot Workability................ Poor Poor Poor Good (1450-1600 F) 
Annealing Temp, F............. 900-1250 900-1250 900-1250 900-1200 
Machinability Index®............ 20 20 20 20 
Joining 
Soft Soldering............... Excellent Excellent Excellent Excellent 
Silver Alloy Brazing.......... Good Good Good Excellent 
Oxyacetylene Welding......... Good Good Good Good 
Resistance Welding........... Good Excellent Excellent Fair 
Common Processes............ Blanking, drawing, form- | Blanking, drawing, form- | Blanking, forming and | Blanking, forming and 
ing and bending, heading | ing and bending, shear- | bending, shearing bending, heading and up- 
and upsetting, roll thread- | ing, stamping setting, shearing, squeez- 


ing and knurling, shear- 
ing, stamping 








ing and swaging 








CORROSION RESISTANCE 


Generally good resistance to atmosphere, water and salt water, and salt solutions. Some resistance to alkaline 
solutions and inorganic acids. Poor resistance to organic acids, cyanides, and ferric and ammonium compounds 





AVAILABLE FORMS 


Rolled strip, rolled flat 





wire, rod, wire, tube 


Rolled strip, rod, wire 


Rolled strip, wire 





USES 





Bridge bearing plates, chemical hardware, perforated 
sheets, textile machinery, welding rods, beater bars, 
bellows, clutch disks, cotter pins, diaphragms, fuse 
clips, fasteners, lock washers, sleeve bushings, 
springs, switch parts, truss wire, wire brushes 





Heavy bars and plates 
for severe compression, 
good wear and corrosion 
resistance. Bridge and 
expansion plates 





Electrical contacts, flexi- 
ble hose, pole-line hard- 
ware 





8Two values are for flat products and wire, respectively. 
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b0.6% extension under load. 


eBased on free-cutting brass — 100. 









Nickel Silvers 






































Type »> 65-18 65-12 65-12 65-10 55-18 
Leaded 
COMPOSITION, % Cu 65, Ni 18, Zn 17 | Cu 65, Ni 12, Zn 23 | Cu 65, Ni 12, Zn 21, | Cu 65, Ni 10, Zn 25 | Cu 55, Ni 18, Zn 27 
Pb 2 . 

PHYSICAL PROPERTIES 
Density (68 F), Ib/cu in..... 0.316 0.314 0.314 0.313 0.314 
Melting Temp Range, F..... 1960-2030 1830-1900 1830-1900 1800-1870 1830-1930 
Ther Cond (68 F), Btu/hr/ 

ie ae 19 23 22 26 17 
Coef of Ther Exp (68-572 F), 

LSE RE ee 9.0 x 10-* 9.0 x 10-* 9.0 x 10-* 9.1 x 10-6 9.3 x 10-¢ 
Spec Ht/(68 F), Btu/Ib/*F.. 0.09 0.09 0.09 0.09 0.09 
Elec Cond (68 F), % IACS.. 6 8 7.5 9 5.5 

MECHANICAL PROPERTIES 
Mod of Elast in Tension, 
Dac cedeéheccanvces 18 x 10° 18 x 106 17 x 10° 17.5 x 10° 18 x 10¢ 
Ten Str, 1000 psi 

PES Se cddeescncses 56-60 52-61 52-55 49-63 60 

PE césgtsess save 70-86 73 — 73-85 — 

eee 85-103 85 70-89 86-105 100 

PR Senbicocoseees 93 — 95 108’ 
Yid Str, 1000 psi* : 

PE is cecvsececees 25-30 18-28 18-24 18-28 27 

sr 60-80 60 — 60 — 

ee i ain ho caine 74-90 75 60-79 75 85 

i cixcnsewcesan a 79 — 76 90 
Elong (in 2 in.), % 

Rn wdxéessssecewe 56-60 35-48 40 35-50 40 

n6stasedsecens 7-20 ll — 7-12 — 

ee 3 4 3-18 4-5 3 

ee — 2 — 3 2.5 
Hardness (Rockwell) 

eae B40-55 B22-55 B27 B22-52 B55 

_ eee B78-83 B80 — B80 — 

err B87 B89 B80-86 B89 B91 

Se — B92 _ B92 B96 
Shear Str, 1000 psi 

Annealed............... -- 4] — 4l — 

Half Hard............... — 47 — 50 — 

SS: - 52 - 55 | — 

ee - 56 — 59 | — 

FABRICATING PROPERTIES 
Annealing Temp, F......... 1100-1500 1100-1500 1100-1500 1100-1500 1100-1500 
Hot Workability............ Poor Poor Poor Poor Poor 
Cold Workability........... Excellent Excellent Good Excellent Good 
Machinability Index®.. .... 20 20 60 20 30 


Joining 


eee eee eee eee eeeeeee 

















Soldering, excellent; silver alloy brazing, good to excellent; carbon arc welding, fair; resistance welding, excellent; 
oxyacetylene welding, good 








CORROSION RESISTANCE 








AVAILABLE FORMS 


Attacked rapidly by oxidizing acids. Resistant to sodium and potassium hydroxide but attacked rapidly by ammo- 
nium hydroxide and moist ammonia. Good resistance to rural and marine atmospheres and to fresh and salt waters. 
Subject to stress corrosion 





Sheet; strip; rods, bars, and shapes; wire; spring. Forging, extruding and casting alloys are also available 





USES 








Most popular. Hard- 
ware, marine and 
automotive trim, 
camera parts, light- 
ing fixtures, costume 
jewelry, screws, 
springs, slide fast- 
eners 





Slide fasteners, 
nameplates, decora- 
tive trim, camera 
parts 





Key blanks, gears, 
pinions, screw ma- 
chine parts, watch 
parts, camera and 
binocular parts, 
musical instrument 
parts 


Rivets, screws, slide 
fasteners, optical 
parts, hollow ware, 
nameplates 








Excellent for springs. 
Springs and contacts 
in telephone equip- 
ment, electrical con- 
trols. Resistance wire, , 
surgical and dental 
instruments, dia- 
phragms, hardware 





*0.5% extension under load. 






bBased on free-cutting brass = 100. 
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Nonferrous Metals 


Tin and Aluminum Brasses 








Type » Admiralty Naval Brass Leaded Manganese Aluminum 
Naval Brass Bronze (A) Brass 
COMPOSITION, % Cu 70.0-73.0, Sn | Cu 59.0-62.0, Snj| Cu 59.0-62.0, Pb| Cu 57.0-60.0, Fe} Cu 76.0-79.0, 


1.75-2.5, As, Sb, or 





























0.9-1.2, As, Sb, or P | 0.5-1.0, Zn bal 1.25-2.25, Sn 0.5-| 0.8-2.0, Sn 0.5-1.5, 
0.10 max, Zn bal 1.0, Zn bal Mn 0.5 max, Zn bal | 0.10 max, Zn bal 
PHYSICAL PROPERTIES 
Density, Ib/cuin.......... 0.308 0.304 0.305 0.302 0.301 
Melting Temp Range, F..... 1650-1720 1630-1650 1630-1650 1590-1630 1710-1780 
Ther Cond (68 F), Btu/hr/ 
yg ae 64 67 67 61 58 
Coef of Ther Exp (68-572 F), 
| PPR Pe 11.2 x 10-6 11.8 x 10 11.8 x 10-¢ 11.8 x 106 10.3 x 10-6 
Spec Ht (68 F), Btu/Ib/°F. . 0.09 0.09 0.09 0.09 0.09 
Elec Res (68 F, annealed), 
microhm-cm............ 6.9 6.6 6.6 7.2 7.5 
MECHANICAL PROPERTIES* 
Mod of Elast in Tension, psi .. 16 x 10° 15 x 10° 15 x 10 15 x 10 16 x 108 
Ten Str, 1000 psi 
re 53 57 57 65 60 
Quarter Hard............ — 69 69 77 — 
dss 5assnanin _ | 75 75 84 - 
Yid Str, 1000 psi> | 
Annealed.......... ae 22 25 25 30 27 
Quarter Hard........... — | 46 46 45 — 
Ns aes a6 bh tpt — 53 53 60 - 
Elong (in 2 in.), % 
errs 65 | 47 40 33 99 
Quarter Hard............ — | 27 20 23 — 
Half Hard.......... auth -- 20 15 19 — 
Hardness (Rockwell) 
Annealed............... F75 | B55 B55 B65 F77 
Quarter Hard............ — B78 B78 B83 -- 
Ee — B82 B82 B90 ~- 
Shear Str, 1000 psi | 
Se — 40 36 42 ~- 
Quarter Hard........... - | 43 39 47 _ 
a 6d) scene ak — 44 40 48 -- 
FABRICATING PROPERTIES 
Cold Workability........... Excellent Fair Poor Poor Excellent 
Hot Workability............ Fair | Excellent Good Excellent Fair 
Annealing Temp, F........ 800-1100 800-1100 800-1100 800-1100 800-1100 
Machinability Indexe....... 30 30 70 30 30 
Joining 
Soft Soldering........... Excellent | Excellent Excellent Excellent Good 
Silver Alloy Brazing... ... Good Good Good Good Good 
Oxyacetylene Welding. ... Good Good Fair Good Good 
Resistance Welding. ..... Fair Fair Poor Good Good 





CORROSION RESISTANCE 


Good resistance to industrial, rural and marine atmospheres; petroieum products, alcohols, dry gases and sea water. 
Fairly good resistance to weak bases. Resistance to some weak bases and weak organic acids, but generally poor 
resistance to most acids and strong bases. Poor resistance to solutions of cyanides and ammonium compounds. 
Resistant to dezincification (especially Admiralty and Aluminum Brasses) 





AVAILABLE FORMS 


Plate, wire, tube 


Rolled strip, rolled 
and drawn bar, plate, 
rod, tube, shapes 


Drawn bar, rod, 
shapes 


Rod, shapes 


Tube 





USES 





Condenser, evapora- 
tor and heat ex- 
changer tubes; con- 
denser tube plates; 
distiller tubes; fer- 
rules 





Aircraft turnbuckle 
barrels, balls, bolts, 
marine hardware, 
nuts, propeller shafts, 
rivets, valve stems, 
condenser plates, 
welding rods 





Marine hardware, 
screw machine prod- 
ucts, valve stems 





Clutch disks, pump 
rods, shafting, balls, 
valve stems and 
bodies, welding rods 





Condenser, evapora- 
tor and heat ex- 
changer tubes, distil- 
ler tubes, ferrules 





*Mechanical properties are based on 1-in. dia. Values for Admiralty and Aluminum Brasses apply to tube: other values apply to rod. 
cBased on free-cutting brass = 100. 


b0.5% extension under load. 
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Hafnium, Thorium, Uranium, Vanadium 





and Zirconium 








Metal » Hafnium Thorium Uranium Vanadium Zirconium 
PHYSICAL PROPERTIES 

Density, Ib/cu in... 0.47 0.42 0.69 0.23 0.24 
Melting Point, F...... 3400 3074 2071 3110 3355 
Ther Cond (212 F), Btu/hr/sq ft 

°F /ft mn 21.48 14.54 : 9.6 
Coef of Ther Exp (70 F), per °F 3.4 x 107* 6.2 x 10-* 12.1 x 10-6» 48x 10-6 3.1 x 10-° 
Spec Ht, Btu/Ib/°F.. 0.035 0.03 0.03 0.12 0.069 
Elec Res (68 F), microhm-cm. 30¢ 18 25-50 25 40 

MECHANICAL PROPERTIES 

Mod of Elast in Tension, psi 20 x 108 10 x 10° 30 x 106 20 x 108 14 x 108 
Ten Str, 1000 psi 

Annealed.... 37.5 90 72 294, 59e 

Cold Worked - 113 824, 90¢ 
Yid Str, 1000 psi 

Annealed....... 27 25 64 114, 38¢ 

Cold Worked — — 109 584, 84e 
Elong (in 2in.), % 

Annealed...... 40 13 28 264, 27° 

Cold Worked. . — 3 1.54, 10¢ 
Hardness (Rockwell 

Annealed......... B78 B81 B424, B9le 

Cold Worked B93 B87; B98e 


FABRICATING PROPERTIES 
Annealing Temperature, F 


Workability....... 


Machinability 


Joining 


CORROSION RESISTANCE 


AVAILABLE FORMS 





USES 


1380 in vacuum or 
inert atm 


Can be hot worked 
at 1550 F:; cold 
worked 30% _be- 
tween anneals 


Similar to stainless 
steel 


ing acids but at- 


fluoric acid 


in sheet and rod 


1650 in vacuum or 


inert atm 


1550; heavy sections 


| in air, light sections 


in vacuum or inert 
| atm 


Can be readily hot | Can be forged, | Good cold working | Similar to titanium 


or cold worked. 
Fabricated by forg- | 
ing, rolling, swag- 
ing, extruding or 
drawing 


rolled, swaged and | properties 
drawn. Heating 

must be done in a 

protective atm 


Can be machined | Moderately difficult | Tools similar to | Similar to titanium 


like mild steel with 
or without cutting 
fluids 


Difficult to weld. | Can be welded or | Can be welded with | Can be arc or flash- 
heliarc torch under | 
| inert atm 


Excellent resistance 


Brazing yields 
brittle joints 


Resistant to oxidiz- | Very poor resist- | 


ance to atmos- | 


tacked by hydro- | phere, water and 


most reagents 


Has been produced | Has been produced | 


| in rod, sheet, thin- | 


} 


walled tube, fine | 
wire, foil 





| most reagents 


those for cold 
rolled steel 


to machine 


brazed in protective 
atm or vacuum | argon 


Very poor resist- | Resistant to sea 
ance to atmos- | water. Not affected 
phere, water and | by moderate con- 

| centration of hydro- 

| chloric and sulfuric 
acids. Dissolved by 
_ nitric acid of any 
strength 


} 


butt welded under 


to hydrochloric acid 
in all concentrations. 
Resists dilute sul- 
furic acid, nitric acid 
in all concentrations, 
and alkalis. Attacked 
by aqua regia 





Has been produced | Plate, strip, bar, 
in plate, rod, tube, | sheet, wire 
wire and foil 


Sheet, rod, tubing, 
shapes 





oped 





No applications | Secondary (breed- | 
have been devel- | er) reactor fuel 


Fissionable mate- | AEC classified ap- 
rial (fuel) in nu- | plications 
clear reactor 


Structural parts and 


| fuel cladding in nu- 


clear reactors. Prob- 
able future use: cor- 


| rosion resisting 
| equipment 





*70 F. 
¢ 32 F. 
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> 70-250 F, parallel to A axis; 0.8 x 10-6 parallel to B axis; 12.9 x 10-6 parallel to C axis, 
4 Iodide zirconium; cold worked values are for 90% cold worked. 
* Kroll zirconium, melted in graphite; cold worked values are for 60% cold worked. 


fAs-deposited iodide hafnium. 
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a eee, 


Nonferrous Metals 


Lead and Its Alloys (Soft) 






































Type =» Chemical Lead Common Lead Tellurium Lead 
(soft lead) 
COMPOSITION, % Pb 99.90 + Pb 99.73+ Te 0.05, Cu 0.06 max 
PHYSICAL PROPERTIES 
aids ke vcawndeduancacaw as 0.41 0.41 0.41 
de cus can baed 618 621 617 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft............ 19.6 19.6 19.3 
i Se 16.3 x 10-6 16.3 x 10 16 x 10-* 
Specific Heat (32 F), Btu/Ib/°F...............08. 0.031 0.031 0.031 
Electrical Resistivity (68 F), microhm-cm.......... — 20.6 — 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi............ ives taken 2 x 108 2 x 108 1.5 x 10 
Tensile Strength, psi 
I re ranked ys dca 2450 2090 _ 
ST ocichlen secceubeduhtaadinsaced 2200 2000 _— 
sia seeded Lhe aswdetuihidss kalwed _ 1800 - 
i556 any spa ceeiee eneae Sane 2200 2000 - 
Yield Strength, psi 
SC iis s.addduabe ds cha ve dadaasanid 1640 — — 
tha ccevaccdbenbanaaiad sadee a _ 1500 
Se cca iad che nWhnedsanaaaaie od 800 o 
Elongation (in 2 in.), % 
Cea gs cbbhaen ens sankere knees 57 43 40 
SR onddintcitakas obs 4 6endunecedoun 48 — _ 
ee ls tea e knee ensed eens -- 30 — 
ns aan cdenkwedanisssdeeeee 40 47 — 
Reduction of Area, % 
as ice Ca Pedananeuiensceudien -- 100 -- 
Re ee ee ee ae Ry ee —_ 100 _ 
Hardness (Brinell) 
EE ERE RN A OR A —- = 6 
TO ain i 3.2-4.5 _ 
ie Ee a eR Ne eT ae -- 4.2 — 
Impact Strength (Charpy, chill cast), ft-lb......... 10 _— 
Endurance Limit (10? cycles), psi 
ee cle vthesesdecénscocceese 725 470 000 
ic naka yas aepiestnkaee On — 470 -— 
Shear Strength, psi 
ti lS atc onewese pueeke -- 1820 -- 
TES ak Fa i Ferre pene -- 1820 — 
Creep Strength (0.1% per yr, rolled, 85 F), psi..... 300 250 300 
FABRICATING PROPERTIES Formed by cold rolling and extrusion 
Casting Temp Range, F......................005. 790-850 790-850 790-850 
REE a Soft solder with 50-50 or 40-60 solder using rosin or stearic acid flux. 


Oxyhydrogen welding (lead burning); slightly reducing flame; no flux 





CORROSION RESISTANCE 


Resistant to sulfuric, sulfurous, phosphoric and chromic acids. 
Attacked by acetic, formic and nitric acids. Resistant to atmosphere 
and fresh and salt water 





AVAILABLE FORMS 


Castings, rolled and extruded shapes, sheet 





USES 





Chemical apparatus 





Storage batteries, 
cable sheath, am- 
munition, calking. 
alloying, coatings, 
liquid baths for heat 
treating 





Chemical apparatus 
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Lead and Its Alloys (Hard) 
























































Type »> 1% Sb-Lead Hard Lead Hard Lead | 8% Sb-Lead Grid Metal 
| (7-12% Sb) 
COMPOSITION, % Sb 1 Sb 4 | Sb 6 et Sb 8 Sb9 
PHYSICAL PROPERTIES 
RY) 0.406 0.398 0.393 0.388 0.385 
Melting Temp Range, F............... 608-595 570-486 545-486 520-486 509-486 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft.. 19 | 18 17 16 16 
Coef of Ther Exp (68-212 F), per °F...... 16 x 10-6 — -:15.5x 10 15.4 x 10-6 14.5 x 10-* 14.4 x 10% 
Spec Ht, Btu/Ib/°F............. pote 0.031 | 0.032 0.032 0.032 0.032 
Elec Res (68 F), microhm-cm............ 22 | 24 25 26.5 27.1 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi. . . 2 x 10° — — _ - 
Ten Str, 1000 psi 
ite edna 3.0 | 40 4.1 46 4] 
Extruded.......... 2.9 3.1 3.3 3.3 — 
Extruded & Aged... 3.0 | ied i - - 
Chill Cast... 3.4 5.6 6.8 7.4 7.4 
Elong (in 2 in. ) Ko | 
Rolled . . ian 60 48 47 31 17 
Extruded. . a 58 58 65 75 — 
Extruded & Aged... 50 — — _ 75 
ae 16 22 24 19 au 
Hardness (Brinell) 
SE 5.9 8 _ 9,5 78 
SI, 64 badass. ' 5.1 8.9 10.7 12.4 — 
Extruded & Aged...... 7 — — ons die 
ae 7 10 11.8 13.3 15.4 
Endurance Limit, psi* | | 
Rolled........... — 1500 1500 1750 — 
EE kotha ass — — 1200 _ oe 
Extruded & Aged... 1150 - | o | ” | 
Chill Cast... .. — _ | 2500 -_ | 2700 
Creep Str (86 F)» | 
Rolled......... a - 250 | 400 425 | 400 
Extruded. ..... 350 210 | “~ na rat 
FABRICATING PROPERTIES | 
Casting Temp Range, F........ 750-925 ( 750-925 750-850 | 750-925 q 750-925 


Joining....... 





CORROSION RESISTANCE 











Soft solder with 50-50 or 40-60 solder using rosin or stearic acid flux. Cnitrtreann welding 


(lead burning): no flux, slightly reducing flame 





Similar to soft lead (see opposite page) 





USES 








Cable sheathing 
for corrosion resistance applications requiring greater 
strength than soft lead 


Rolled sheet for roofing and flashing; extruded pipe 


Battery grids 





a2 x 10’ cycles. 
01% extension in 10,000 hr. 
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Nonferrous Metals 


Magnesium Alloys 





















































































ASTM Type » MIA AZ31B-F AZ61A-F AZ80A-F 
COMPOSITION, % Mn 1.20 min Al 2.5-3.5, Zn} Al 5.8-7.2, Zn] Al 7.8-9.2, Zn 
0.6-1.4, Mn0.20 | 0.4-1.5, Mn 0.15 | 0.2-0.8, Mn 0.12 
min min min 
PHYSICAL PROPERTIES 
Goals enn akeddiakbews 0.063 0.064 0.065 0.066 
Melting Temp Range, F...................ece0e. 1200 1050-1170 950-1140 900-1115 
Ther Cond (68 F), Btu/hr/sq ft/°F /ft............. 79.9 43.6 33.8 29.0 
Coef of Ther Exp, per °F 
TC cee erehcusinindecewiaveaw’ 14x 10-6 14 x 10-6 14 x 10-* 14 x 10-6 
ee 16 x 10-* 16 x 10-6 16 x 10-6 16 x 10-* 
Og A ee 0.25 0.25 0.25 0.25 
Elec Res (68 F), microhm-cm®................... 5.0 9.2 12.5 14.5 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi..................... 6.5 x 106 6.5 x 108 6.5 x 106 6.5 x 106 
Ten Str, 1000 psi 
EE Oe er ee 26-38 35-39 | 40-45 40-49« 
ttn ns ceteebaneess<ssesedees 36 _ 43 46 
Yid Str, 1000 psi 
ad cdc viudevhvké-eusencdacd 23-28 23-28 22-32 23-358 
hGbiG rs 6 sddutsescasksns ceased ses 23 - 26 31s 
Elong (in 2 in.), % 
' En at. eh anh enbcad sae ekiabebbal 8-11 12-18 15-16 10-12 
: ES peer ee rt 7 — 12 | 8 
Compr Yid Str, 1000 psi | 
kata ch sVlEs ba beenguenecaabadan 10-13 15-17 15-21 21-26" 
thins sv bdenakengebubexadededch — — 18 25° 
Hardness (Brinell) 
EE a eee ere ae 42-46 49-50 55-60 60-67 
Eide Casasens ra tede<eberenened 47 55 69 
Shear Str, 1000 psi 
a i eae s tk vsanee mab edibe 16 19 21 21 
At tence hedendiasssimasakewmarad 16 — 21 22 
Endurance Limit, 1000 psi 
Es +d GbR SAC e ss ercecsapeasesesesencs 9 14 17 | 19 
CE dckndncenthowessispetencqantvannns -- - 16 | 18 
Impact Str (Charpy), ft-lb | | 
isn paktel shsceeueersdnbasese 2.1 3.2 3 2.2 
Ns inne naeegnns deen es snedeeeeheas — — 2.2 | 1.8 
THERMAL TREATMENT | 
IN cs uisis svececssosececssuces 700 650 650 | 725 
UR ee POND, FE. ones cc ccccccccccccscses 500 500 500 400 
sks obs deed ni eeankennsoene — — — 750 
Ci cicehaddehsicebeseceebekuedtsc — : — — 350 
FABRICATING PROPERTIES 
Hot Working Temp Range, F°................... 550-650 450-650 450-650 275-375 
Weldabilitye 
ee ache den caadeencsnebais A B C D 
RT EET T CI re COT TTETTTORTT ECE A A A C 
EES, SR ee Hee eer OPE ee A A A A 
Machinability Index (free-cutting brass=100)..... 500 500 500 500 
a. dittacagaceesbaeseeeareeas A A B C 
i ncaneededhodeseecaceseseena B A C D 
CORROSION RESISTANCE High resistance to atmosphere 
AVAILABLE FORMS Sheet, plate, rod, bar, extruded | Rod, bar, extruded shapes, tubing, 
shapes, tubing, forgings forgings 
APPLICATIONS Airframe parts, textile machinery, truck bodies, jet engine parts 











*Tensile, tensile yield and compressive yield strengths, and hardness of AZ80A-F can be increased several per cent by heat treating, 
at some expense to elongation. 

>bGenerally, strengths and hardness of extruded bar are highest, extruded tubing lowest, and extruded shapes intermediate in the 
ranges of values given., 

¢Higher working temperatures can be used if they do not require heating hard rolled or aged alloys above the annealing or aging 
temperature. 

4For extrusions. eLetter A indicates most favorable, B less favorable, etc. Relative to magnesium alloys only. 
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cast Magnesium Alloys 





















































Type* » AZ63A M1B AZ92A AM100A AZS1A 
OMPOSITION, % Al 5.3-6.7, Zn | Mn 1.20 min Al 8.3-9.7, Zn | Al 9.3-10.7, Zn | Al 8.3-9.7, Zn 
2.5-3.5, Mn 0.15 1.6-2.4, Mn 0.10 | 0.3 max, Mn0.10 | 0.4-1.0,Mn 0.13, 
min min min min 
PHYSICAL PROPERTIES 
re ee 0.067 0.064 0.066 0.066 0.066 
Melting Temp Range, F......................... 850-1135 1200 830-1100 865-1100 875-1105 
Ther Cond (212-572 F), Btu/hr/sq ft/°F/ft....... 29.0-38.7 _ 26.6-33.8 24.2-36.3 26.6-31.5 
Coef of Ther Exp (66-212 F), per °F........ 2... 14x 10% 14 x 10-6 14 x 10-6 14x 10-6 14 x 10-6 
SOR NI Foo sccccvcsessccesecses 0.25 0.25 0.25 0.25 0.25 
Flec Res, microhm-cm 
eee Lakhs twehnnaheie sewed sade 11.0 6.6 12.4 1.4 12.9 
TEST ees a ae ee 14.0 ~~ 16.8 17.2 16.2 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi..................... 6.5 x 106 6.5 x 108 6.5 x 108 6.5 x 106 6.5 x 106 
Ten Str, 1000 psi 
Ee ee 29 14 24 22 36 
Ee ee ee 40 — 40 40 -— 
Sol’n Treated & Aged. ...........0.0.000000,.. 40 — 40 40 — 
Yield Str, 1000 psi 
TE ie nies obs kp dER EIA NROA Sous 14 45 14 12 23 
Eee ee 14 — 14 13 — 
Sol’n Treated & Aged. ...................006- 19 — 22 19 
Elongation (in 2 in.), % 
cs eho waw ae ewKeek eae sseawde 6 5 2 2 4 
NS sca ivkbeeegeeae sesecdoerceus 12 — 10 10 _ 
Sol’n Treated & Aged..................0..... 5 _ 2 l — 
Hardness (Brinell) 
Ee 50 33 65 53 60 
Nak anvil eae cadiantews 55 _ 63 52 -- 
Sol’n Treated & Aged. ..................000.8. 73 — 83 69 — 
Shear Str, 1000 psi 
Sie in sau dceeunsswaevesdacede 18 1] 19 18 20 
ed acdapeedenetsareeque’ 19 _ 20 20 _ 
Sol’n Treated & Aged...............00.00222. 21 — 21 22 a 
Endurance Limit, 1000 psi 
Ns nad nn dh uns des abisebaereidearns ll — 11 10 14 
EE 14 _ 14 ll _ 
Sol’n Treated & Aged. .................0.005. 13 — 13 10 — 
Impact Str (1zod), ft-Ib 
i Ser 3 9 ] 2 2 
re - 5 — 4 — 
Sol’n Treated & Aged..................00008. 2 — l 2 — 
THERMAL TREATMENT 
os UN Nae ia ap dane gua 730 — 760 790 -- 
ns ore 8 Don eww decile 375 _ 420 400 ~- 
sins civcéakdédaccavacedde 500 _ 500 500 ~~ 
FABRICATING PROPERTIES 
Casting Temp, F 
EER adaitiinbiwékd de ateanacsacanvas 1350-1550 1350-1550 1350-1550 1350-1550 _ 
Nel wet bnckdbs taecnes Kesced saudades 1200-1500 — 1200-1500 1200-1500 1150-1250 
i esr cy nuk ba sana seeders D,D,A A, A,A D,A,A D,A,A _ 
Machinability Index?......................0008. 500 500 500 500 500 
CORROSION RESISTANCE 
Resistance to Atmosphere....................06. Good Good Good Good Good 
Resistance to Salt Water>..............00..0000. B A B D B 
AVAILABLE FORMS Sand castings | Sand castings | Sand and perm | Sand and perm j Die castings 
mold castings | mold castings 
USES Parts for aircraft landing wheels and reciprocating and jet type engines. Vacuum cleaners, 
portable grinders and drills, foundry flasks, textile machinery, pistons. Various fittings 








*ASTM B80-55T, B199-55T and B94-54. bLetter A indiates most favorable, B less favorable, etc. Relative to magnesium alloys only. 
‘Ratings for torch, inert-arc and electrical resistance methods in that order. dBased on free-cutting brass — 100. 
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A AO 


Nonferrous Metals 


Magnesium-Thorium and Magnesium-Zirconium Alloys 








ASTM Types HM31X* HM21A-T8 HK31A ZK60A-F 
COMPOSITION, % Th 2.5-3.5, Th 1.5-2.5, Zr 0.4-1, Zn 0.75-1.5, Zn 2.5-4, Zn 4.8-6.2. 
Mn 1.2 min) Mn0.35-0.8 Th 2.5-4 Zr 0.5-1.0 Zr 0.5-1.0 Zr >0.45 
PHYSICAL PROPERTIES 
Density, Ib/cu in. 0.0651 0.0640 0.0647 0.064 0.065 0.0659 
Melting Temp Range, F 1202-1121 1202-1121 1202-1092 1175-968 
Ther Cond (68 F), Btu/hr/sq ft/°F /ft 60 80 66 73 73 67 
Coef of Ther Exp (68-400 F), per °F 10.5 x 10-6 14.5 x 10-6 14.5 x 10° 15.1 x 10° 15.1 x 104 14.5 x 10-6 
Spec Ht, Btu Ib °F 0.245 0.245 0.245 0.245 0.245 0.245 
Elec Res (68 F), microhm-cm 6.6 5.1 6.4 5.8 5.8 6.0 
MECHANICAL PROPERTIES* 
Mod of Elast in Tension, psi 6.5 x 108 6.5 x 108 6.5 x 108 6.5 x 108 6.5 x 108 6.5 x 108 
Ten Str, 1000 psi , 37 34, 33, 37 36-45, —, 15-20 | 40-45, 45-49, 47-51 , 49, 49-52! 
Yid Str (0.1% set), 1000 psi , 26 25, 20, 29, 24-27, — , 27-32 | 27-31, 31-33, 33-38 , 38, 37*-42' 
Elong (in 2 in.), % , 10 10, 15, 8, 8-18, —, 8-18, 12-14, 15-25 13, 138-12» 
Hardness (Vickers) 53, —, 50 55-75, —, 60-80 | 60-80, 60-80, 60-80 | —, /5, 7§ 
Impact Str (1zod), ft-lb 3-5, 7-9 
Fatigue Str, 1000 psi — , 16.8 , 19 _—, 
Compr Yid Str, 1000 psi , 15 15, 17, 23, 22-29 , 20-29, 27-33 , 28, 25-33 
Creep Str (stress to give 0.5% ext in 
100 hr), 1000 psi 
400 F _ 13.5 ll _ 
500 F — 9.0 2.0 - 
600 F _ 6.0 
THERMAL TREATMENT 
Aging Temp, F 275 (48 hr) 
FABRICATING PROPERTIES 
Hot Working Temp, F 650-800 650-800 650-700 500 500 300-500 
Machinability (free-cutting brass = 100) 500 500 500 500 500 500 
Weldability Can be welded by inert-gas shielded arc methods and spot welding Not weldable 


CORROSION RESISTANCE 


AVAILABLE FORMS 


Good resistance to the atmosphere; attacked by salt water 


| Sheet, plate, 
| forgings 


Extrusions 


Sheet, plate 





USES 





High temp 
(600-850 F) 
aircraft serv- 
ice, missile 
components 


High temp 
(600-900 F) 
aircraft serv- 
ice, missile 
components 


High temp | Airframe parts, skins, ribs and spars, windows 


(600-800 F) 
aircraft serv- 
ice, missile 
components 


Sheet, extru- 
sions, tubing 


Sheet, forgings, 
extrusions 


Extrusions, forg- 
ings 





aAs extruded. bHeat treated. 
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cT8 temper for sheet, 
dMechanical properties given for sheet, forgings and extrusions, in that order. 


T5 temper for forgings. 





Cast Magnesium-Thorium and Magnesium-Zirconium Alloys 








ASTM Type*=» 


EZ33A 


HZ32A 


ZH62A 





ZKSIA 





COMPOSITION, % 


PHYSICAL PROPERTIES 

Density, Ib/cu in. 

Melting Temp Range, F 

Ther Cond (68 F), Btu/hr/sq ft/°F /ft 
Coef of Ther Exp (68-400 F), per °F 





Spec Ht, Btu/Ib/°F 
Elec Res (68 F), microhm-cm 


MECHANICAL PROPERTIES* 

Mod of Elast in Tension, psi 

Ten Str, 1000 psi 

Yld Str, 1000 psi. 

Elong (in 2 in.), % 

Hardness (Brinell). 

| mpact Str (1zod), ft-ib 

Fatigue Str, 1000 psi¢ 

Compr Yid Str (0.2% set), 1000 psi 

Creep Str (stress for 0.5% ext in 1000 hr), 1000 psi 
400 F 
500 F 
600 F 


THERMAL TREATMENT 
Aging Temp, F 

FABRICATING PROPERTIES 
Casting Temp Range, F 


Machinability 
Weldability 


CORROSION RESISTANCE 


USES 





Zn 2.0-3.5, Zr 0.5 | Zn 1.7-2.5, Zr 0.5 | 
| min, Th 25-4 


max, rare earths 
2.5-4 


0.0659 
1189-1010 
58 
14.9 x 106 
0.245 

7.0 


6.5 x 108 
23 
15 


2 
J 


90 

1.5 

8.3 

10-15 
8.4-10.1 


1.4- 2.1 


350 (16 hr) 


1380-1525 


0.0659 
1198-1026 
60 
14.8 x 106 
0.245 

6.5 


6.5 x 108 
30 
14» 
] 
57 
2 
10.5 
10-14 


8.7-11.5 
7.4-9.8 
3.9-6.4 


600 (16 hr) 


min, Th 1.4-2.2 


Zn 4.8-6.2, Zr 0.5 | 








Zn 3.5-5.5, Zr 0.5-1 


0.0670 
1165-960 1185-1020 
65 65 
14.8 x 10-6 15.2 x 10° 
0.245 
6.6 6.6 
6.5 x 108 6.5 x 108 
40 38 
25¢ 23.5¢ 
b 12 
70 75 
15 3 
11.8 12.3 
25 24.5 


625 (2 hr) + 355 
(16 hr) 


360 (12 hr) 


All of these alloys have excellent machining properties 
Can be welded by inert-gas shielded arc methods 


Good resistance to the atmosphere; attacked by salt water 


Pressure- tight 
castings; aircraft 
engine parts, ex- 
pansion chambers, 
other parts for ser- 
vice at 300-500 F 


Jet engine parts 
for service to 660 F 


Structural castings 
for service to 300 F; 
engine parts, gear 
casings 


Structural castings 
for service to 400 F; 
engine parts, air- 
frame parts 





aMechanical properties given for sand castings. 


b0.2% set. 


c0.1% set. 
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Nonferrous Metals 


Nickel and Its Alloys 





Type »> 


| 


A Nickel | Low Carbon Nickel 


Duranickel 





Ni 99.45, C 0.06, Mn 0.25, | Ni 99.55, C 0.01, Mn 0.20, 






































COMPOSITION, ° Ni 93.90, C 0.15, Mn 0.25, Fe 
Fe 0.15, S 0.005, Si 0.05, | Fe 0.15, S 0.005, Si 0.05, | 0.15, S 0.005, Si 0.55, Cu 0.05, 
Cu 0.05 Cu 0.05 Al 4.05, Ti 0.45 
PHYSICAL PROPERTIES | 
ia nn ccihingenes «400050944 0.321 0.321 0.298 
Melting Temp Range, F.................008. 2615-2635 | 2615-2635 | 2550-2620 
Ther Cond (80-212F), Btu/hr/sq ft/°F/ft....... 36 36 | 10.7 (soft), 11.2 (age hardened) 
Coef of Ther Exp (80-212 F), per °F........... 7.4x 10+ | 7.4x 10¢ 7.2 x 10+ 
Specific Heat (80-212 F), Btu/Ib/°F........... 0.130 0.130 0.104 
Electrical Resistivity (32 F), microhm-cm...... 9.5 | 9.5 46.5 (soft) 
Magnetic Transformation Temp, F............ 680 680 120 (soft) 
ar ea a Ae os a a tian chit tl Yes Yes Yes 
MECHANICAL PROPERTIES* 
Modulus of Elasticity in Tension, psi.......... 30 x 106 30 x 106 30 x 106 
Tensile Strength, 1000 psi | | 
0 EES er 55-75 | 50-60 90-120 
Annealed, Age Hardened.................. — — 160-190 
ee rs os eevee need 90-130 — 155-190 
Spring, Age Hardened..... ere — — 180-230 
Yield Strength, 1000 psi 
ge Tee 15-30 12-25 35-60 
Annealed, Age Hardened................. — — | — 
Ree RU ee aka dew na aked ace ncees 70-115 — | -- 
Spring, Age Hardened.................... — — — 
Elongation (in 2 in.) % | 
Ere 55-40 60-40 50-130 
Annealed, Age Hardened.................. — _ 25-10 
ME re re ere 15-2 — 10-2 
Spring, Age Hardened.................... — — 15-5 
Hardness (Rockwell) 
ES ee B64 (max) B55 (max) B90 (max) 
Annealed, Age Hardened.................. — | — C30-40 
EASE > ee B95 (min) | — | C30-40 
Spring, Age Hardened.................... — — | C36-46 
Endurance Limit (108 cycles), 1000 psi 
EEE ESE eee 33 33 51 
Hot Rolled, Age Hardened................. — — 52.5 
a cn Shaina b 6900400060040 ns 50 50 51 
Cold Drawn, Age Hardened................ — — 61 
THERMAL TREATMENTS 
Annealing Temperature, F................... 1500 (2-5 min) 1500 (3-6 min) 1600 (2-5 min) 
PE TOI, Ciscccccccvcseccvceccenws — — 1100 (8-16 hr) 
FABRICATING PROPERTIES 
Hot Working Temp Range, F 
Heavy Forging, Drop Forging............... 1600-2300 1400-2300 1900-2300 
EE ENS A ere 1200-1600 1200-1600 1600-1900 


Pe ETE ETEET TEETER OPE TEERT ES 





AVAILABLE FORMS 





Metallic arc, inert-gas metal arc, oxyacetylene and 
resistance welding; silver and copper brazing; soft 
soldering 





Metallic arc, inert-gas metal arc 
and resistance welding; silver 
brazing; soft soldering 





Sheet, strip; rods, bars and shapes; tube; plate 











USES 





Equipment for production 
and handling of molten 
caustic soda and other 
molten salts. Spun or 
coined parts. Long time 
service at 700-1200 F 


Generally used in process 
equipment for resistance 
to corrosion and high 
temperatures. Also used 
in electronic equipment 
for vacuum tube parts, 
leads and springs 








Parts requiring corrosion resist- 
tance and strength at elevated 
temperatures, such as springs, 
dies for extruding plastics, fas- 
teners, vacuum tube components 





aValues are for sheet and strip unless otherwise specified. 
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Nickel and Its Alloys—concluded 





Type »> 


Monel 


| K Monel 


Inconel 


Inconel X 





COMPOSITION, % 


PHYSICAL PROPERTIES 

Density, Ib/cu in.. 

Melting Temp Range, F. 

Ther Cond (80-212 F), 
Btu/hr/sq ft/°F/ft...... 

Coef of Ther Exp (77-212 F), 
per °F 

Spec Heat (70-750 F), Btu/Ib/°F 

Elec Res (68 F), microhm-cm 

PR i uicuccesenes teretuned 





MECHANICAL PROPERTIES * 
Mod of Elast in Tension, psi... . 
Ten Str, 1000 psi 

Annealed. . : 
Annealed, Age Hardened... 
Spring. .... 
Spring, Age Hardened. . 
Yid Str (0.2% offset), 1000 psi 
Annealed. 
Annealed, Age Hardened 
Spring. . , 
Spring, Age Hardened. 
Elong (in 2 in.), % 
Annealed.... .. 
Annealed, Age Hardened. . 
Spring. . 
Spring, Age Hardened... 
Hardness (Rockwell) 
Annealed. . 
Annealed, Age Hardened. 
Spring. . 
Spring, Age Hardened . 





THERMAL TREATMENTS 
Annealing Temp, F........ 


Solution Temp, F.... 
Aging Temp, F...... 





FABRICATING PROPERTIES 
Hot Working Temp Range 
(hot forging, drop forging), F... 
Cutting Speed, fpm>............ 


Joining Methods 





Ni 66.00, C 0.12, Mn 0.90, 
Cu 31.50 


0.319 
2370-2460 


15 


7.8 x 10-6 
0.127 
48,2 
Slightly magnetic 


Fe 1.35, S$ 0.005, Si 0.15, 


Ni 65.30, C 0.15, Mn 0.60, 
Fe 1.00, S 0.005, Si 0.15, 





0.306 
2400-2460 


10.8 


7.8 x 10-6 
0.127 
58.3 
Nonmagnetic to — 150 F 


Cu 29.50, Al 2.80, Ti.0.50 | Cu 0.10, Cr 15.85 


Ni 76.40, C 0.04, Mn 0.20, 
Fe 7.20, S 0.007, Si 0.20, 





0.304 
2540-2600 


8.7 


6.4 x 10-6 
0.109 
98.1 

Nonmagnetic 


Ni 72.80, C 0.04, Mn 0.70, 
Fe 6.75, S 0.007, Si 0.30, 
Cu 0.05, Cr 15.15, Al 0.80, 
Ti 2.55, Cbh+Ta 0.85 


0.298 
2540-2600 


8.7 


9x 106 
0.10-0.11 
124.6 (122 F) 
Nonmagnetic 





























26 x 10° 26 x 10° 31 x 10° | 31 x 10° 
70-85 90-105 80-100 | 110-130 
os | 130-170 ae 155-180 
100-140 | 145-165 145-170 200-225 
vil | 170-200 nes 250-285 
25-45 | 40-65 30-45 45-65 
is | 90-120 | - 100-125 
90-130 | 130-160 | 120-160 230-240 
wn | 130-180 | _ 260-290 
| | 
50-35 | 45-25 | 55-35 40-55 
on | 25-15 | s 30-20 
15-2 8-3 10-2 1.6 (approx) 
sh 10-5 | - l 
B68 (max) | B85 (max) | B84 (max) | B95 (max) 
_ C24-33 | — | (30-37 
B98 (min) C25-32 C30 (min) — 
i | (34-40 | fis | in 
| | 
1600-1800 (open), | 1400-1800 (1-5 min) | 1600-1800 | 1900-2000 (15-30 min) 
1400-1500 (box) | | 
— | — — 2100 (2-4 hr, a.c.°) 
— | 1100 (8-16hr,f.c.c) | _ 1550 (24 hr, a.c.), 
| 1300 (20 hr, a.c.°) 
1700-2150 1900-2150 1700-2300 1800-2200 
125-225 100-200 100-175 m 











soldering 


| Metal arc, inert-gas metal arc, oxyacetylene and 
resistance welding; silver and copper brazing; soft 





Metal arc, inert-gas metal arc and resistance welding; 


silver brazing 





AVAILABLE FORMS 





Sheet, strip, rod, bar, shapes, tube, plate 


Sheet rod, bar, shapes 





USES 


Applications requiring 
combination of good 
strength, ductility and 
corrosion resistance. Con- 
denser and heat ex- 
changer tubes; pickling 
baskets, hooks and rods; 
pump shafts; valve 





stems; springs; fasteners 


Applications requiring 
greater strength and 
hardness than monel with 
same corrosion resistance 
and strength comparable 
with that of mild steel. 
Pump shafts and liners, 
valve seats and stems, 





electrical contact arms 





Food processing equip- 
ment, such as cookers, 
kettles, steamers and 
storage tanks. Other pro- 
cess equipment requiring 
similar combination of 
strength, corrosion resis- 
tance and good elevated 
temperature properties 





High strength, high tem- 
perature alloy (can oper- 
ate extended periods at 
1000 F) for application in 
steam turbines, jet en- 
gines, heat treating 
equipment. Furnace muf- 
fles, springs, turbine 
blades, bellows, fasteners 





®Values are for sheet and strip unless otherwise specified. 


fa.c.—air cool, f.c.—furnace cool. 





bSurface speed with single point cemented carbide tools. 
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Nonferrous Metals 


Cast Nickel Alloys 























Type »> Nickel Inconel S$ Inconel Monel S Monel 
COMPOSITION, % Ni 95.6, Cu 0.5, | Ni 71.5, Cu 0.50, | Ni 68.0, Cu 0.5, | Ni 63.0, Cu 32.0, | Ni 63.0, Cu 30.0, 
Fe 0.5, Si 1.5, | Fe 8.0, Cr 16.0, | Fe 8.5, Mn 1.0, | Fe 1.5, Si 1.6, | Fe 2.0, Si 4.0, 
Mn 0.8, C 0.80, | Si 2.0, Mn 1.0, | Si 5.5, Cr 15.5, | Mn0.75,C 0.15, | Mn 0.75, C 0.1, 
S$ 0.008 C 0.20, S 0.008 | S$ 0.008, C 0.20 | $ 0.015 S$ 0.015 
PHYSICAL PROPERTIES 
i ccd dc dwn benidedaddwedienewn 0.301 0.300 0.292 0.312 0.302 
Melting Temp Range, F..............0......eeee 2450-2600 2500-2550 _ 2400-2450 2300-2350 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft........... 34.2 8.7 _ 15.5 11.3 
Coef of Ther Exp (70-1400 F), per °F............. 8.85 x 10-* 8.92 x 10-6 920x110 | 90x 105 8.7 x 10-6 
Spec Ht (80-750 F), Btu/Ib/°F.................. 0.13 0.11 — 0.13 0.13 
Elec Res (32 F), microhm-cm.................... 20.8 11.6 12.6 53.2 63.1 
SE OEE SOT vasisccccvcesecssvvesesns 680 -40 —~ 110-140 -70 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi..................... 21.5 x 106 23 x 108 25 x 10° 23.0 x 10° 24.2 x 10° 
Mod of Elast in Torsion, psi..................... 11.0 x 10® 11.0 x 106 — 95x 1% 9.5 x 10° 
Ten Str, 1000 psi 
ee nnn cchaeasde dese avis — — 75-30 — 120-145 
ck hdns se nacsccasdesasencen 50-65 65-90 90-120 65-90 120-145 
Yid Str (0.5% ext), 1000 psi 
i ckndksneascccseeenesasicees _ — 55-70 — 85-130 
kD conecdbanseennedennseusked 15-30 — 80-100 32-45 80-130 
Elong (in 2 in.), % 
Re re _ — 4-] — 1-4 
eee eee cee 30-15 20-10 3-1 20-50 14 
Hardness (Brinell) 
er ~ _ 300-380 — 300-380 
ete te th negneuihtdensousuwess 90-130 150-300 300-380 125-150 | 275-350 
Impact Str (Charpy, rm temp), ft-Ib.............. 90-75 24 ~ 80-65 | 9-3 
FABRICATING PROPERTIES 
ec ceveesscncdbociccsneecus 2700-2900 2800-2950 2700-2900 2700-2850 2650-2800 
Pattern Shrinkage, in./ft....................... 0.25 0.25 0.25 0.25 0.25 
A An a Fabrication or | Repair welding |Not recommended) Limited amount |Not recommended 
repair by any | by any standard of repair weld- 
standard proc- | process* ing® 
ess* 














CORROSION RESISTANCE 


Good corrosion 
resistance, espe- 
cially to hot con- 
centrated caus- 
tic soda, and 
chlorine and 
fluorine gases 


Resistance to nitric acid, ammonium 
hydroxide and oxidizing conditions 
superior to that of nickel. Good 
resistance to oxidation at tempera- 
tures up to 2200 F. Good resistance 
to corrosive vapors above 800 F 


Good resistance to flowing salt 
water; dilute acids; hydrochloric, 
hydrofluoric, sulfuric, phosphoric 
and most organic acids; and strong 
caustic soda. Not resistant to strong- 
ly oxidizing solutions such as nitric 
acid and ferric chloride 





USES 





Evaporators, 
tanks, heating 
coils, tubular 
condensers and 
other processing 
equipment; 
magnetostrictive 
devices; appli- 
cations in incan- 
descent lamp 
and radio indus- 
tries 





Dairy equipment, food handling 
equipment, airplane exhaust mani- 
folds, utensils. Used extensively in 
oxidizing and carburizing atmos- 
pheres at elevated temperatures. 
Inconel S castings have higher re- 
sistance to wear and galling than 
Inconel 





Valve seats, liners, pump rods, 
bushings, nozzles, turbine blading, 
pickling equipment, laundry 
machines, paper mill and oil re- 
finery equipment, food handling 
equipment, storage tanks, boilers. 
Monel S castings have higher re- 
sistance to galling and erosion 
than Monel 





*For joining by welding, a weldable grade is available. 
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Low Expansion Nickel Alloys 
































Composition (%)* » (i 36 Ni 42 | Ni 47-50 
PHYSICAL PROPERTIES | 
EE, ness kndenedeneusseseees 0.292 0.292 0.296 
NS Terr 2600 2606 | 2600 
Ther Cond (68-212 F), Btu/hr/sq ft/°F/ft .. 6.05 | 6.21 6.91 
Coef of Ther Exp, per °F 
MEY MM aleidbiniesecenaensavecs 1.10 x 10° 3.42 x 10-€ 5.37 x 106 
ge eererrr per ee 0.70 x 10* 3.18 x 106 5.55 x 10* 
rere. 1.50 x 10-6 2.97 x 10-6 | -§.55 x 10 
2 ee er 6.35 x 106 3.15 x 10 | 5.55 x 10* 
er ree 8.61 x 10 5.50 x 104 5.60 x 10° 
ere 9.48 x 10* 8.55 x 10 7.26 x 10-6 
Specific Heat (77-212 F), Btu/Ib/°F........ 0.123 0.121 0.120 
Electrical Resistivity (68 F), microhm-cm... 81 70 48 
PMNS ckentaneesocdebecennecess 0.290 0.290 0.296 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi............... 21 x 10& 22 x 108 24 x 108 
Tensile Strength , 1000 psi 
is cekbsctaehececesenesne’ 70 76 82 
Ri cn ciedeseseesessanedce 90 120 140 
Yield Point, 1000 psi 
PT pienbakesedsnsdeeeeveesescns 24 28 31 
kiki incsteasesasecesees 70 — _ 
Elongation (in 2 in.), % 
tices ckbbasaneneecnasenevat 36 38 4] 
PD ice ctescabeeakecatetenne 20 — — 
Reduction of Area, % 
tkns pheeneernseccecsceencess 68 70 72 
DT ccatesdertenesetesstenans 60 _ _ 
Hardness | 
Annealed (Brinell)..........ceeeeeesees 143 156 170 
Cold Worked (Rockwell). ............... B100 B103 
Modulus of Rigidity, psi................... 8.1 x 106 8.5 x 108 | 9.3 x 106 
FABRICATING PROPERTIES 
PE TUNE Sicknticesecenscevcesscees Soften progressively in range 1000 to 2300 F 
Hot Working Temp Range, F............... To 2300 F | To 2300 F To 2300 F 
Ns c.6 ohneenteneeenesecessates Machine best at a hardness of about Rockwell C20 
Dk cccksrissiiasbetaxnnetenen Can be welded by acetylene torch, metal arc, carbon arc and re- 


sistance methods 





CORROSION RESISTANCE 


Resistant to atmospheric corrosion and to fresh and salt water 





AVAILABLE FORMS 


Bar, plate, sheet, strip, wire, tubing, forgings, castings 





USES 





Length standards, 
instruments, hypo- 


Higher temperature 
thermostatic bi- 





Higher temperature 
low expansion app- 





dermic syringes, tex- | metal, instruments, | lications—up to 
tile machine parts, | glass sealing — up | 1000 F 
thermostatic bimetal | to 650 F 

— up to 400 F 





«Balance iron. 


ava 





Nonferrous Metals 


Precious Metals 























Metal » Gold* Silver> Platinume Pailadium> 
PHYSICAL PROPERTIES 
Density, Ib/cu in............... 0.698 0.379 0.775 0.434 
Melting Point, F................ 1945 1761 3224 2829 
Ther Cond (212 F), Btu/hr/sq ft/ 

0 ee ee 172 242 42 4] 
Coef of Ther Exp (32-212 F), 

Siting dan dass an vanes 7.9 x 10% 10.9 x 10°¢ 4.9x 106 6.5 x 10-68 
spec Ht, Btu/ib/°F............ 0.031 0.056 0.031 0.058 
Elec Res (32 F), microhm-cm.... 2.35 1.594 14.9 10.8 

MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi..... 12 x 106 11 x 106 21 x 106 17 x 10 
Ten Str, 1000 psi 

er 19 22 17-26 30 

| 32 54! 34-45 47 

eA 18 15 — — 
Yid Str, 1000 psi 

Ee Nil 8 2-5.5 5 

Cold Worked................. 30 44 27 30 

0 ee — 5 . 

Elong (in 2 in.), % 

0 ere 45 48 30-40 24-40 

Cold Worked................. 4 2.5 2.5-3.5 1.5 

ee 30 60 
Red. of Area (as cast), %....... — 67 
Hardness (Brinell) 

eer 25 25-35 38-52 46 

| Pree err re 58 — 97-13 109 

Se eh apsaseeuneneas a 33 42 : 
Endurance Limit (107 cycles, an- 

nealed), 1000 psi............ ] 4.6 

FABRICATING PROPERTIES 
Annealing Temp, F............. — 400-600 1475-2200 1475 
Hot Working Temp Range, F..... Any to melting point - 1475-2300 1475-2300 
Max Red. Between Anneals, %..| Apparently unlimited — 99 99 
Casting Temp Range, F......... 2000-2370 2000 3300 3000 


reer re 





CORROSION RESISTANCE 


Braze with silver solder, 
no flux, any flame. Can 
be resistance welded by 
any method. Oxyacety- 
lene weld with no flux, 
any flame 





Does not oxidize when 
heated in air. Resists al- 
kalis, salts and most 
acids. Not attacked by 
oxygen or sulfur. Rapidly 
attacked by chlorine and 
bromine 


Braze with silver solder. 
Can be resistance welded | 


Braze with fine gold or 
white platinum solder. 
Hammer weld at 1800 F. | 
Can be resistance or oxy- 
acetylene welded 


Does not oxidize when | Does not oxidize when 
heated in air. Resists | heated in air. Resists re- 
most dilute mineral acids | ducing or oxidizing acids 
and alkalis. Attacked | alone but is dissolved by 
rapidly by nitric and hot | aqua regia 


| Oxidizes when heated in 


| sulfuric and hydrochloric 


sulfuric acids. Attacked | 
rapidly by sulfur-bearing | 
gases 





AVAILABLE FORMS 





USES 


Foil, rod, wire, sheet 


Sheet, strip, rod, wire, 
tubing 


acids; and bromine and 
| jodine 


Braze with oxyacetylene 
torch using platinum 
solders. Can be resistance 
welded 


air. Resists hydrofluoric, 
acetic and phosphoric 
acids. Attacked by nitric, 





Foil, sheet, wire, tubing 


| Sheet, foil, wire, tubing 
| 














Lining of chemical equip- 
ment, high melting sol- 
der, alloys for electrical 
and chemical purposes, 
jewelry, dentistry 





Electrical contacts, corro- 
sion resisting equipment, 
bearings, photography 
supplies; alloying for 
coinage, brazing alloys, 
jewelry 





Chemical equipment, 
electrical contacts, cata- 
lysts, laboratory equip- 
ment, jewelry 








Electrical contacts, cata- 5 
lysts, production of pure 

hydrogen, jewelry, dental 

alloys 





aGold is generally produced in three grades: proof gold, 99.99% Au; refined gold, 99.95-99.98% Au; and 99.5% Au, which is ac- 
cepted by the U.S. Mint without penalty. 
bUsually refined to “the high purity suitable for general use”; in some cases spectographically pure. 
¢Platinum is produced in four grades: type A, 99.99% Pt, sometimes called physically pure; type B, 99.9% Pt, sometimes called chem- 
feally pure; type C, 99.5% Pt (crucible grade); and type D, 99% Pt (commercial platinum). 
468 F. 


eCold rolled, 60% reduction. 


fCold rolled, 


50% reduction. 











Precious Metals—concluded 























Metal » Rhodium” Ruthenium» Osmium! Iridium» 
PHYSICAL PROPERTIES 
inn dkaereenenis wes aed ie 0.447 0.441 0.82 0.813 
 ttcktedetidiciveiuneseds 3571 4530 4890 4450 
Ther Cond (212 F), Btu/hr/sq ft/°F/ft...... 50 one oii 34 
Coef of Ther Exp (68 F), per °F........... 4.6 x 10¢ 5.1 x 10° 3.6 x 10¢ 3.8 x 10+ 
Specific Heat, Btu/Ib/°F...............4.. 0.059 0.057 0.031 0.031 
Elec Res (68 F), microhm-cm............. 4.51 7.68 9.5 5.3 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi.............. 42 x 106 60 x 106 80 x 106 74 x 10 
Ten Str, 1000 psi 
hice cecenadddenssheweened 73 us _ ~~ 
cdi bec ankenneseonncrines 300 _ -_ - 
Hardness (Brinell) 
aids sk xkasteinecdavsesben 55-156 oes - 170 
is woneersserseeeeseeecens 260-390 — — 350 
Geek ceosateseatiesnesneiesdde -- 220 350 163 
FABRICATING PROPERTIES 
Hot Working Temp Range, F.............. 1900-2000 2700-4300 Not workable 2200-2700 
Max Red. Between Anneals,%............ 30-40 — — — 
EE PLO cbnnenessvewecneecesscecs 3700 4700 5000 4600 


PGRUUSE cosbeecacantensnecduceawed 





CORROSION RESISTANCE 


Can be brazed and 
resistance welded 


Can be brazed and 
resistance welded 





Oxidizes slowly when 
heated in air. Resis- 
tant to most acids, 
including aqua regia 
at room temperature 


Powder 








Mirrors and electro- 
deposits for a non- 
tarnishing finish; 
alloys with platinum 
and palladium for 
crucibles, glass- 
working equipment, 
catalysts, spinnerets 





Oxidizes when 
heated in air. Un- 
attacked by common 
acids, including aqua 
regia up to 212 F. 
Moderately attacked 
by solutions of alka- 
line hypochlorites 


Can be brazed and 
resistance welded 


Oxidizes rapidly in 
air at elevated tem- 
peratures. Resists 
common acids at 
room temperatures, 
but is attacked by 
aqua regia 





Powder 


Cast or sintered parts 


Can be brazed and 
resistance welded 








| 


| 


Oxidizes slowly when 
heated in air. Un- 
attacked by common 
acids, including aqua 
regia up to 212 F 





Sheet, wire, rod 





Hardener for plati- 
num and palladium 





Alloys used for pen 
tips, phonograph 
needles, electrical 
contacts, instrument 
pivots 





Extrusion dies for 
glass, alloys with 
platinum for electri- 
cal contacts, fuse 
wires, hypodermic 
needles, jewelry 





bUsually refined to “‘the high purity suitable for general use’; in some cases spectrographically pure. 


sAt 32 F. 


MATE 


RIALS SELE 





Nonferrous Metals 


Tin and Its Alloys 




































































Type »> Grade A Tin Hard Tin Tin Foil White Metal Pewter 
COMPOSITION, % Sn 99.8 min Sn 99.6, Cu 0.4 Sn 92, Zn 8 Sn 92, Sb 8 Sn 91, Sb 7, Cu 2 
PHYSICAL PROPERTIES 
Density, Ib/cu in.......... 0.264 — — 0.262 0.263 
Melting Temp Range, F..... 449.4 446-44] 390 475 563-471 
Ther Cond (77 F), Btu/hr/ 
en 5s aa sann an’ 37 _ 34 — — 
Coef of Ther Exp (32-212 F), 
2 13 x 104 — _— _ ons 
Spec Ht, Btu/Ib/°F........ 0.054 — — — - 
Elec Res (68 F), microhm-cm.. 11.5 — 12 15 _ 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi. . 6-6.5 x 106 — — — 7.7 x 108 
Ten Str, 1000 psi 
Annealed Sheet......... 2.2 3.3 _ 6.7 8.6 
Cold Rolled Sheet........ 2.8 4.0 8.7 7.4 7.6 
Cee 2.1 — — 7.2¢ — 
Yld Str, 1000 psi 
Annealed Sheet......... 1.3 — _ — — 
Cold Rolled Sheet........ 2.0 — 6.0 _ _ 
a 1.7 _ ome — — 
Elong (in 2 in.), % 
Annealed Sheet......... 45 _ _ 70 40 
Cold Rolled Sheet........ 35 _ 40 28> 50 
ee 55 ~ —_ _ — 
Hardness (Brinell) 
Annealed Sheet......... 7 one wo 17 13¢ § 
Cold Rolled Sheet........ 8 _ on a 18¢,! 
DSN yee 5-6 _ = 20° 234, { 
Impact Str (Izod, as cast), 
RES Sear 14 _ ane 22¢ — 
Endurance Limit (as cast), 
EE 0.34 — on —_ — 
FABRICATING PROPERTIES 
Casting Temp Range 
se Mens kiran Acca 525-550 525-550 —_ 575-600 600-625 
Ms van curecabetals Bonds easily by simple melting. Eutectic tin- ome Readily soldered Can be soldered with 
lead solder or low melting fusible alloys some of the fusible 
might be used on massive parts such as alloys 
block tin pipe 
CORROSION RESISTANCE Resists distilled, sea and soft tap water. ou -_ Tarnishes in soft 
Attacked by strong acids, alkalis and acid water; suffers local- 
salts. Oxygen in solution accelerates rate of ized attack at water 
attack line in hard water. 
Attacked by dilute 
hydrochloric and cit- 
ric acids in presence 
of air 
AVAILABLE FORMS Sheet, pipe, foil, | Tubing, foil Foil Castings, sheet Castings, sheet 
castings, powder 
USES Linings for foodcans; | Collapsible tubes, | Foil for wrapping | Rubber mold cast- | Mountings and orna- 
pipe for handling | foil food, medicines, elec- | ings, cast and wrought | mental objects such 
water, beer, and car- trical condensers costume jewelry as tea and coffee 
bonated beverages; services, vases and 
linings for food pro- book ends 
cessing equipment, 
food wrappings 
In 4 in. aVickers pyramid 


>bSheet quenched from 425 F. 
eChill cast. 


hardness. 
eVickers pyramid hardness after heat treating 8 hr at 300 F. 
fHardenable pewter values are: 18, 28, 29, respectively. 














Lead-Tin-Antimony Alloys 





























Grade? » 1» 2 3 4 5° 
COMPOSITION, % Sn 91, Sb 4.5, | Sn 89, Sb 7.5, | Sn 84,Sb8,Cu8| Sn 75,Pb10,Sb | Sn 65, Pb 18, Sb 
Cu 4.5 Cu 3.5 12, Cu3 15, Cu 2 
PHYSICAL PROPERTIES 
PE MR scdcacksscsencees 0.265 0.267 0.269 0.272 0.280 
Melting Temp Range, F............ 433-700 466-669 464-792 363-583 358-565 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi....... 7.3 x 10° 7.6 x 108 — —_ _ 
Ten Str, 1000 psi 
esc hecimesawcgiedal 9.3 11 10-12 _ — 
i eke aa eka eannd 10.3 — _— _ 11.8 
Elong (in 2 in., die cast), %........ 22 _ _ — 4 
Hardness (Brinell) 
sh cekesienenaceees 17 24 27 25 22 
i iieseakdssccednsanes ds _ a — — 27.7 
Impact Str (Izod, chill cast), ft-Ib... 2.5 _ l — — 
Endur Limit (chill cast), 1000 psi... 3.84 484 — — — 
Compr Str (chill cast, 25% set), 
ences vans 0ea0s4 13 15 18 16 15 
Compr Yid Str (chill cast, 
0.125% set), 1000 psi........... 44 6.1 6.6 5.5 5.0 
FABRICATING PROPERTIES 
Casting Temp Range (chill), F...... 750-825 795 850-915 710 690-700 
k CORROSION RESISTANCE Resists oxidation 
i products of lub- 
ricants; food 


products, beer 
and carbonated 
beverages 





Resist oxidation products of lubricants 





AVAILABLE FORMS 


Precision inserts of babbitt-lined strip, lined bearing 
shells, ingots, die castings 


Ingots 


| Ingots, die cast- 


ings 





USES 


dnaaioch elon 





Bearings, die 
castings for 
dairy machinery, 
dental appli- 
ances, surgical 
instruments, 
soda fountain 
equipment 





Most widely 
used tin-base 
bearing alloy in 
automotive field 


High load appli- 
cations, hardest 
of standard tin 
babbitts and has 
greatest load 
carrying capacity 








Limited bearing 
applications 





Limited bearing 
applications 
Die cast parts 








aASTM B23-49. 





d2 x 10° cycles, 





bAlso die casting Alloy 1, ASTM B102-48. 
cAlso die casting Alloy 3, ASTM B102-48. 
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Nonferrous Metals 







































































Lead-Tin-Antimony Alloys—continued 
| 
Grade* » 6 7 8 10 | 11 
COMPOSITION, % Sn 20, Sb 15, Pb | Sn 10, Sb 15, Pb | Sn 5, Sb 15, Pb 80 | Sn 2, Sb 15, Pb 83 | Sb 15, Pb 85 
63.5, Cu 1.5 75 
PHYSICAL PROPERTIES | | | | 
Density, Ib/cu in............ 0.336 | 0.350 | 0.361 0.362 0.370 
Melting Temp Range, F...... 531-358 514-464 | 522-459 507-468 504-471 
Ther Cond (212 F), Btu/hr/ | | | | 
ere -. | 14 | 14 | - | . 
Coef of Ther Exp (68-212 F), | 
ES ee — | 10.9 x 10-6 13 x 10-6 — - 
Spec Ht, Btu/Ib/°F........... — 0.065 | 0.065 — ~ 
Elec Res (68 F), microhm-cm. . _ | 28.6 | 28.2 -- | ~ 
MECHANICAL PROPERTIES | | | | 
Mod of Elast in Tension, psi. . . _ 42x10 | 4.2 x 108 — | ~ 
Ten Str, 1000 psie........... — 10.5 10 — 6.8 
Elong (in 2 in.), %e........... — 4 5 — 8 
Hardness (Brinell)*.......... 21 22 20 | 18 | 15 
Endurance Limit, 1000 psie. . . —~ 4a 3.94 - = 
Compr Str (25% deformation), | | 
ee 14.5 15.6 15.6 15.4 12.8 
Compr Yid Str (0.125% set), 
NS Dees icky «adn: 0h 3.8 | 3.6 | 3.4 | 3.4 | 3.0 
FABRICATING PROPERTIES | 
Casting Temp (chill), F........ 655 640 645 | 630 630 
CORROSION RESISTANCE Resistant to corrosion by the usual lubricants 
AVAILABLE FORMS Small ingots and bars 
USES! General purpose | General purpose | Bearings for light | Bearings for light | Bearings for light 
bearing applica- | bearings under | loads and moder- | loads and speeds. | loads 
tions moderate loads ate speeds. Mining | Blowers, pumps, 
machinery, trans- | electric motors, 
mission machinery, | machine tools 
car journals 
*ASTM B23-49. 
d2 x 10’ cycles. 
eChill cast. 3 
fLight loads—under 1000 psi; moderate loads—1000 to 2000 psi; heavy 
loads—over 3000 psi. Surface speeds: low—to 10 fps; moderate—to : 
20 fps; high—above 30 fps. 
f 
j 
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Lead-Tin-Antimony Alloys—concluded 




















Grade* » 12 15 16 19 
COMPOSITION, % Sb 10, Pb 90 | Sn1,Sb15,Cu0.5, | Sn 10, Sb 12.5, Sn 5, Sb 9, Pb bal 
| As1.0,Pbbal | Cu0.5, Pb bal 
PHYSICAL PROPERTIES 
Density, Ib/cu in................ 0.384 0.362 0.355 0.378 
Melting Temp Range, F........... 498-473 538-479 495-471 495-462 
Coef of Ther Exp (68-212 F), per °F. 146x106 | ~ _ _ 
Specific Heat, Btu/Ib/°F........... 0.065 — — 0.065 
Elec Res (68 F), microhm-cm...... 25.6 — — 28.7 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi....... — 4.2 x 106 — 4.2 x 106 
Tensile Strength, 1000 psie........ — 10.4 — 10 
Elongation (in 2 in,), %°.......... _ 2 — 5 
Hardness (Brinell)¢............... 14 21 28 18 , 
Endurance Limit, 1000 psie........ _ 4.34 . 3.73 
Compressive Strength (25% defor- 
mation), 1000 psi‘ 12.9 15.6 
Compressive Yield Strength | 
(0.125% set), 1000 psie......... 2.8 — - 
FABRICATING PROPERTIES 
Casting Temp (chill), F........... 625 660 620 





CORROSION RESISTANCE 





AVAILABLE FORMS 











Resistant to corrosion 


by the usual lubricants 




























Small ingots and bars 























USES f Bearings for light | Bearings for high | Bearings for moder- | Bearings for light 
loads loads and speeds. | ate loads and speeds | loads and speeds. 

Diesel engines, auto- Car journal bearings 
motive engines, 
steamships, various 
| types of machines 

*ASTM B23-49. 

eChill cast. 


fLight loads—under 1000 psi; moderate loads—1000 to 2000 psi; heavy loads—over 3000 psi. Surface speeds: low—to 10 
fps; moderate—to 20 fps; high—above 30 fps. 2 x 10’ cycles. 
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Nonferrous Metals . 


Titanium and Its Alloys 












































Type »> Unalloyed 3 Al-5 Cr 5 Al-2.5 Sn 6 Al-4V 
COMPOSITION, % Ti 99.0 Al 3.0, Cr 5.0 Al 5.0, Sn 2.5 Al 5.5-6.3, V 3.5-4.5 
PHYSICAL PROPERTIES 
Density, Ib/cu in. .............. 0.163 | 0.166 0.161 0.160 
Melting Temp Range, F......... 3135 | - 2822-3002 — 
Ther Cond (212 F), Btu/hr/sa ft | | 

SER: autaad woe ken van aac 9.8 | — 4.85 _ 
Coef of Ther Exp (68-1650 F), 

OO SRE Re: 5.8 x 10-6 | 6.1 x 10 | 5.7 x 10-8 | 5.8 x 10-8 
Spec Ht (212 F), Btu/Ib/°F...... 0.130 | — 0.131 | _ 
Elec Res (68 F), microhm-cm..... 55.0 | 150 | 157.3 ~ 
Magnetic Permeability (20 

eee 1.00005 - 1.00005 _ 

MECHANICAL PROPERTIES* 
Mod of Elast in Tension (200 F), 

2 eee 15-15.5 x 10° — | 15.5 x 108 _ 
Ten Str (68 F), 1000 psi 

oka g sos skeabi 89-100 155 125 | 130-140 

SP — — “= 170 
YId Str (68 F), 1000 psi | 

Rc scciebeases snk 80-82 | 145 120 | 120-130 

Heat Treated................. on | ~ | - | 150 
Elong (in 2 in.), % | 

Annealed (68 F).............. 15-22 | 13 | 18 | 10-13 

ig cnn cioe sess =_ ms a | 13 
Red. of Area (68 F), % | 

in a sace we tnaan 40-45 35 40 25-40 

Heat Treated................. ~ —_ — | 40 
Hardness (Rockwell) 

ave ienxecenssses C30 | (32 (30-35 | (33-36 

Er ~ | — — C38 
Impact Str (Charpy, 68 F), ft-Ib.. 20-35 13 18-20 15-25 
Endurance Limit (10* cycles), | 

1000 psi 
Bar (unnotched 60-62 85 — 70 
Bar (notched) . 37> — — 35 
Sheet (unnotched)............ 43 — 95 — 
Sheet (notched).............. = — 36° — 
Mod of Rigidity (200 F), psi...... 5.63 aa -- ~ 
Shear Str, 1000 psi............. 65 — -- — 
THERMAL TREATMENT 
Annealing Temp, F............. 850-1250 — 1500-1600 _ 
Stress Relieving Temp, F........ 700-1000 — 1000-1200 ~ 
FABRICATING PROPERTIES 
Hot Working Temp Range, F..... 300-800 — 1000 — 
Deep Drawing Temp, F.......... 800 = | _ — 
i. 2 Se 1300-1600 — 1400-1900 — 
Fusion Weldability.............. Yes No Yes4 Marginal 
Formability (sheet, 78 F)*....... High | Bar only Intermediate Intermediate 











CORROSION RESISTANCE 


Superior resistance to nitric acid, moist chlorine, chlorine solutions, chlorinated organic compounds and 
inorganic chloride solutions. Excellent resistance to sea water and most chloride salt solutions unchallenged 
by other structural metals. Resist impingement, pitting attack 





AVAILABLE FORMS 


Sheet, strip, plate, tub- 
ing, billets, bar, wire 


Bar, forgings 


Sheet, strip, plate, bil- 
lets, bar, wire 


Bar, sheet, strip 





USES Military aircraft parts requiring corrosion resistance and high strength-to-weight ratio up to 800 F. Naval and 





marine applications; chemical, pharmaceutical and food processing and handling equipment; marine diesel 
engine mufflers; springs (high proportional limit and low modulus of elasticity), rivets, bolts, nuts, screws and 
fittings ; ordnance and sporting equipment; orthopedic and orthodontic equipment 





sAnnealed condition unless otherwise stated. b60-deg notch, 0.010-in. radius, k = 2.7. 
4Some users report difficulty in producing welds without porosity; others do not. 


ck = 4.0. 


eAll titanium sheet is formed with considerably less difficulty at elevated temperatures. Forming can be accomplished at temperatures in 
the 500 to 1000 F range with no need for postforming surface treatment, provided time at temperature is short. 
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Titanium and Its Alloys—concluded 





| 8 Mn | 
































Type »> 2.2 Fe-2.1 Cr-2.0 Mo 3 Mn-1.5 Al 4 Mn-4 Al 
COMPOSITION, % Cr 1.8-2.4, Fe 1.9-2.5, | Mn 7.9 Al 1.5, Mn 3.0 Al 4.0, Mn 4.0 
Mo 1.7-2.3 
PHYSICAL PROPERTIES | 
Density, Ib/cuin.............. — 0.170-0.172 | 0.168 0.163-0.165 
Melting Temp Range, F....... oe 2730-2970 — 2822-3002 
Ther Cond (212 F), Btu/hr/sq ft/ | 
_ henalaandnednlind - | 6.7 | o 4.9 
Coef of Ther Exp (68-1650 F), 
i i eggs os 7.1 x 10-6 | - 5.7-6.3 x 104 
Spec Ht (68 F), Btu, Ib/°F. _ 0.118 | — 0 133 
Elec Res (68 F), microhm-cm..... 79 90.7 — 146.1 
Magnetic Permeability (20 | 
oersteds)........... on 1.00005 | " 1.00005 
MECHANICAL PROPERTIES* 
Mod of Elasticity in Tension 
re _— | 15.9 x 106 15 x 10° 15.9 x 108 
Ten Str, 1000 psi............ - 120-130 126-135 | 125 145-150 
Yid Str, 1000 psi............... 110-115 118-120 116 135-142 
Elong (in 2 in.), %.............. 12-15 15-18 18 14-15 
Red. of Area, %............... 25 32 | _ 35-40 
Hardness (Brinell)............. C30-34 C28-34 C26-32 C30-36 ° 
Impact Str (Charpy), ft-Ib...... — — 15-20 11-15 
Endurance Limit, 1000 psi 
Sheet (unnotched)........... _ 90 _ -- 
Bar (unnotched)............. - _ _ 75-90 
de one _ _— 32f 
Compr Yid Str, 1000 psi........ — 120 — — 
Mod of Rigidity, psi............. ance 6 x 106 | _ 6.27 x 10° 
THERMAL TREATMENT | 
Annealing Temp, F............ _ 900-1250 1250 1300 
Stress Relieving Temp, F....... _ <700 or at 1000 | — — 
FABRICATING PROPERTIES 
Hot Working Temp Range, F.... _— 500-600 a ~_ 
Forging Temp, F............... — — 1300-1700 1300-1750 
# Fusion Weldability?............ No No Marginable Questionable 
a Formability (sheet, 78 F)e Intermediate Moderate Bar only 


| Intermediate | 





CORROSION RESISTANCE 





AVAILABLE FORMS 


Superior resistance to nitric acid, moist chlorine, chlorine solutions, chlorinated organic compounds, and 
inorganic chloride solutions. Excellent resistance to corrosive attack by sea water and most chloride salt solu- 
tions—unchallenged by other structural metals. Resists impingement, pitting attack 





Sheet, strip, plate, wire, 
bar, extrusions 


| Sheet, strip, plate 
wire 


| Sheet, plate, billet, bar, | Billets, bar, forgings, 
plate, wire 





USES 





Military aircraft parts requiring corrosion resistance and high strength-to-weight ratio up to 800 F. Naval and 
marine applications; chemical, pharmaceutical and food processing and handling equipment; marine diesel 
engine mufflers: springs (high proportional limit and low modulus of elasticity), rivets, bolts, nuts, screws and 


fittings ; ordnance and sporting equipment; orthopedic and orthodontic equipment 





“semeyteesy yee 


*Annealed condition unless otherwise stated. 
dSome users report difficulty in producing welds without porosity; others do not. 


®All titanium sheet is formed with considerably less difficulty at elevated temperatures. Forming can be accomplished at temperatures in 
the 500 to 1000 F range with no need for postforming surface treatment, provided time at temperature is short. 


fk = 3.9. 
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Nonferrous Metals 


Zinc Alloys 





Type » 


Copper Hardened 
Rolled Zinc 
Alloy 


Rolled 
Zine Alloy 





COMPOSITION, % 





PHYSICAL PROPERTIES 
Ea, 
Melting Point, F...... PERT Per sigh aaa 
Ther Cond (64 F), Btu/hr/sq ft/°F /ft 
Coef of Ther Exp, per °F 

YT ee 
Se 
Spec Ht (68-212 F), Btu /Ib/°F 
Elec Res (68 F), microhm-cm 
a case nhausspanee 
eS ee dh ag ocdcwadiehieiek 

MECHANICAL PROPERTIES 
Ten Str, 1000 psi « 

Hot Rolled 


Elong (in 2 in.), %* 
i oe ek, venice icc eaiawule 
RI eek aero 

Hardness (Brinell) 
ata Laks w exda 6 Keene 
EEE ae 

Endurance Limit (hot rolled), 1000 psi 





FABRICATING PROPERTIES 
Hot Working Temp Range, F................... 
ee Lon. ak vheta ckwease 
Ingot Casting Range, F........................ 
TERRES ee a ne 
Machinability 
Joining 
Torch Welding ; 
Single Impulse Resistance Welding............ 
Multiple Impulse Resistance Welding.......... 
EE inlet Neh) pica dete aedaenaek 


SCC CHESS ES OSES HOES OS SOSH EHOHES ASS 


Common Processes 














Commercial Commercial Commercial 
Rolled Zinc Rolled Zinc Rolled Zinc 
(deep drawing) | 
Pb 0.10 max, Zn | Pb0.05-0.10,Cd | Pb0.25-0.50, Cd 
bal 0.05-0.08, Zn bal | 0.25-0.45, Znbal 
0.258 0.258 0.258 
786 786 786 
62.2 62.2 — 
18.1 x 10-6 18.1 x 10-6 18.8 x 10-6 
12.8 x 10-6 12.8 x 10-6 13.0 x 10-6 
0.094 0.094 0.094 
6.06 _ _ 
6.10 as 
19.5, 23 21, 25 23, 29 
21, 27 22, 29 25, 31 
65, 50 52, 30 50, 32 
50, 40 40, 30 45, 28 
38 43 47 
2.5 3.8 41 
248-527 248-527 248-437 
887-977 887-977 887-977 
815-905 815-905 815-905 
me a 221 
Good Good Good 
Poor to fair Poor to fair Poor to fair 
Poor Poor Poor 
Fair to good Fair to good | Fair to good 
Good Good Good 


Cu 0.85-1.25, Zn 
bal 


0.259 
792 


0.0957 
6.22 


24, 30 
31, 40 


50, 35 
44, 30 


52 
60 
6.1 


447-572 
887-977 
815-905 
347 
Good 


Poor to fair 
Poor 
Fair to good 








Good 





Drawing, bending, roll forming 





Cu0.85-1.25, Mg 
0.006-0.016, Zn 
bal 


0.259 
792 
60.5 


19.3 x 10-6 
11.7 x 106 
0.0957 


6.31 


29, 40 
36, 46 


20, 10 
25, 10 


61 
80 
6.8 





447-572 
887-977 
815-905 
347 
Good 


Poor to fair 
Poor 
Fair to good 
Good 











Spinning, swaging, impact extrusion | Swaging, impact 


extrusion 








Spinning, swaging 





CORROSION RESISTANCE 


AVAILABLE FORMS — 


USES 





Rolled strip and sheet; extruded rod and shapes; drawn rod and wire 





Soldered battery 
cans, photoen- 
gravers’ and 
lithographers’ 
sheets 


grommets, laundry tags, address 
plates, flashing 





Drawn, formed | Drawn, formed 








Weatherstrip, 
nameplates, fer- 
rules. Drawn, 
formed or spun 
parts requiring 








Excellent resistance to both metropolitan and rural atmospheric corrosion (penetration in 
in. per yr is 0.000064 in Palmerton, Pa., and 0.00028 in New York City); also hot soapy 
water, printing inks, trichloroethylene, carbon tetrachloride, dry illuminating gas, and 
moisture- and acid-free hydrocarbons. Fair resistance to pure ethyl and methyl alcohols, 
glycerine, water, petroleum products. Poor resistance to steam, spray insecticides, animal 
oils, strong acids and bases, and mixtures of glycerine or alcohol and water 


Corrugated roof- 


ing, flat, drawn 
or moderately 
formed _ parts 
requiring maxi- 


Or spun parts not | or spun parts re- stiffness mum stiffness 
requiring stiff- | quiring some 
ness rigidity 





aTwo values represent properties parallel to grain 
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and perpendicular to grain, in that order. 


ENGINEERING 


( 





Cast Zinc Alloys 








Slush Casting 











es Ne ame! 


soy wasp 
FY atte et i Ie 












Common Fabrication Processes.................e- 





CORROSION RESISTANCE 





USES 





Welding, soldering, machining, riveting, | 
spinning, cold swaging | 


Excellent resistance to both metropolitan and rural atmospheric corrosion '; also hot soapy 
water, printing inks, trichloroethylene, carbon tetrachloride, dry iiluminating gas, and 
moisture- and acid-free hydrocarbons. Fair resistance to pure ethyl and methyl alcohols, 
glycerine, water and petroleum products. Poor resistance to steam, spray insecticides, 
animal oils, strong acids and bases, and mixtures of glycerine or alcohol and water 








Type »> Alloy XXIII* Alloy XXV* Alloy 
(unbreakable metal)” 
SOMPOSITION, % Al 3.5-4.3, Mg 0.03- | Al 3.5-4.3, Cu 0.75- | Al 4.5-5.0, Cu 0.2- | Al 5.25-5.75, Zn bal 
0.08, Zn¢ bal 1.25, Mg 0.03-0.08, | 0.3, Zn¢ bal 
Zn¢ bal 
PHYSICAL PROPERTIES 
Density, Ib/cu in........scceeceeeceeceeeceeeees 0.24 | 0.24 on 
i xcetnvankeubadeiscteniessese cvs 728 727 734 
Ther Cond (158-284 F), Btu/hr/sq ft/°F/ft......... 65.3 62.9 — 
Coef of Ther Exn.(68-212 F), per °F.............. 15.2 x 10-6 15.2 x 10-6 = 
Spec Ht (68-212 F), Btu/Ib/°F................... 0.10 0.10 —- 
Elec Res (68 F), microhm-cm...............2.--- 6.37 6.54 - 
MECHANICAL PROPERTIES? 
Ten Str, 1000 psi 
ek i boas d 5d peaukadscdesenceceds 4] 47.6 -- 
heist Mendes stiaweveietsstenses _ -- 28.0 
Elong (in 2 in.), % 
LAs ccuxcwekshaeesectanccesensseens 10 7 — 
ee Kc eeu beeenedenineduieeeuas — — _ 
Hardness (Brinell, die cast)................0eeeee 82 91 — 
Impact Str (Charpy), ft-lb 
Sac thin tiwabheternsehesseannedind 43 48 
PEL covbiddeddndtescesenabbansedereees —_ — 3 
Endurance Limit (105 cycles, die cast), 1000 psi..... 6.9 8.2 — 
Compr Yid Str (die cast), 1000 psi ............... 60 87 ~ 
Shear Str (die cast), 1000 psi.................... 31 38 _ 
FABRICATING PROPERTIES | 
Melting Temp Range, F...................c0eeee 128-932 127-932 — 
Die Casting Temp Range, F..................065. 740-800 740-800 — 
Solidification Shrinkage, %..............seeeeees 1.17 1.17 —_ 
ei Sc oss avenneer Good Good Good 
Joining 
Se eee Poor to fair Poor to fair — 
Single Impulse Resistance Welding. ............ Poor | Poor — 
Multiple Impulse Resistance Welding. .......... Fair to good Fair to good — 
nt nado ccnbh teed oudises o0scn 000%) Poore Poor — 


Welding, soldering, machining 


Slush Casting 




















Automotive parts, household utensils, office 
equipment, building hardware, padlocks, 


toys, novelties, drop hammer dies (X XV) 


Slush and permanent mold castings, prin- 
cipally for lighting fixtures 





*ASTM B86-53T. 


bBecause of their limited use, few data are available on these alloys. 


‘Special high grade zinc is required. 


dBased on a %-in. section for die cast alloys; a %-in. section for chill cast alloys. 


‘Cadmium-zine and lead-tin solders diffuse into the casting, promoting subsurface attack. Castings must be nickel plated to be joined by 


lead-tin solders. 


Penetration in in. per yr in Palmerton, Pa., and New York City, respectively, is 0.78 x 10-4 and 2.2 x 10-4 for XXIII, and 0.63 x 10 


and 2.8 x 10-4 for XXV. 
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PRODUCT 


SELECT MATERIAL 
OF THE SPACE AGE 


PROPERTIES 


APPLICATION 





Lithium Metal 
Li 
Purity: 

Li content 99.9% 





Lithium Metal 
(Low Sodium Content) 
0.005% Na Max. 


Atomic weight: 6.940. Color: silver-white. 
Density: 0.534 gm/cm* at 20°C. Melting point: 
180.5°C., 356.9°F. Boiling point: 1317°C., 
2403°F. Hardness, Mohs’ scale: 0.6. Vapor 
pressure: nil at 20°C., 14mm. at 900°C., 760 
mm. at 1317°C. Heat of fusion: 103 cal/gm. 
Heat of vaporization: 4680 cal/gm. at 1317°C. 
Specific heat: 0.849 cal/gm/°C. at 25"C., 0.991 
cal/gm/°C. at 180°C. (c), 1.047 cal/gm/"C. 
at 180°C. (1). 


Metallurgy: Custom, light weig| 
aluminum-lithium, magnesium-lit 
magnesium - lithium- aluminum. § 
brazing alloys of lithium-silver a 
silver-copper. Deoxidizer, desulfur 
gasifier in aluminum die castin 
copper-base, bronze and bearing 
cious metals (gold). Brazing flux f 
and zirconium. Nucleonics: Fusio; 
Heat transfer agent. 





Lithium Metal 
Cartridges 


Form: Lithium metal rod hermetically-sealed 
in deep drawn copper tubing by ‘““Compression- 
Spin” process. 2.25 (0.005#), 4.50 (0.0107), 
& 9.0 (0.020%) gram charges, plus 108.0 
gram copper cup (0.238#). 


Metallurgy: Deoxidizer and genera 
agent for copper-base alloys. Prod 


high-conductivity copper castings 





Lithium Hydride 
Lit 


Purity: The LiH assay, based on the hydrogen 
yield on reaction with H,O, ranges from 93% 
to 98% depending on particle size. Molecular 
weight: 7.948. Color and form: gray-white to 
blue; translucent, crystalline mass; brittle. 
Density: 0.78 gm/cm* at 20°C. Decomposition 
pressure: nil at 25°C., 0.7mm. at 500°C., 760 
mm. at approx. 850°C. Melting point: 684°C 
Specific heat: 1.03 cal/gm/°C. at 20°C. Heat 
of formation: -21.34.kcal/mole at 25°C. Solu- 
bility: quite insoluble in nonreactive solvents. 
Trace solubility reported in polar organic 
solvents, such as ether. 


Metallurgy: Cited as a desulfurizing agen 
for iron and steel. High Energy Fuels: Star. 
ing material for the manufacture of decaborane 
(B,,, Hy4). Chemical Manufacture: Many. 
facture of lithium aluminum hydride and ith. 
um borohydride. Pressurizing Fuel Tank 
Nuclear Energy: Radiation shielding agains 
thermal neutrons. Hydrogen Generation: On 
lb. LiH reacts to generate approx. 45 cu. ft 
of hydrogen 





Lithium Chloride 


Lid 

Grade: Technical, 
Anhydrous salt and 
40% solution 


Molecular weight: 42.40. Color and form: 
white, hygroscopic, granular powder. Density: 
2.068 gm/cm* at 25°C. Melting point: 608°C. 
Boiling point: 1382°C. Specific heat: 0.288 
cal/gm/°C. at 25°C. Heat of formation: -97.70 
kcal/mole at 25°C. Heat of solution: -8.49 
kcal/mole at 18°C. (200 moles H.O/mole 
LiCl). Solubility: Moderately soluble in or- 
ganic solvents such as alcohols, aldehydes, ke- 
tones, esters, pyridine, ethylenediamine, etc. 
Solubility in water: 40.8 wt. % @ O°C., 45.4 
wt. % @ 20°C., 56.3 wt. % @ 100°C. 


Metallurgy: Flux component for brazing A! 
Mg, Zr, Ti and their alloys. Electrolytic pre. 
paration of lithium and other metals. Com. 
ponent of salt bath for heat treating. Atomic 
Energy: Removel of fission products. Dn 
Cells: Used in the aqueous electrolyte whic 
functions at temperatures as low as -60'F 
Aviation: Preparation of de-icing soluti 
for parked aircraft in Arctic areas 





Lithium Fluoride 
LiF 
Grade: Technical 


Molecular weight: 25.94. Color and form: 
white powder. Density: 2.639 gm/cm* at 25°C. 
Melting point: 848°C. Boiling point: 1681°C. 
Specific heat: 0.386 cal/gm/°C. at 25°C. Heat 
of formation: -146.3 kcal/mole at 25°C. Solu- 
bility in water: 0.133 wt. % LiF at 25°C. 


Welding: Used as a component of brazing 
fluxes and welding rod coatings. Its great 
affinity for aluminum and magnesium oxides 
together with its high fluxing power, ha 
made it a required ingredient. Glass: Fluxing 
agent in corrosion-resistant glass linings and 
low melting glasses for coating light metals 





Lithium Nitrate 
LiNO, 
Grade: Technical 


Molecular weight: 68.95. Li,O content: 21.7%. 


Color and form: white, hygroscopic, crystal- 
line powder. Density: 2.366 -gm/cm* at 20°C. 
Melting point: 251.4°C. Decomposition temp- 
erature: 600°C. Specific heat: 0.387 cal/gm/°C. 
at 210°C. Heat of formation: -i15.279 kcal/ 
mole at 25°C. Heat of solution: -0.333 kcal/ 
mole at 18°C. (200 moles H,O/mole LiNOg). 


Solubility in water: 43 wt. % LiNOg at 20°C. 


Metallurgy: Salt baths. Phosphate coating ,of 
metals; lowered acidity and increased rate ot! 
reaction without affecting color or structure 
of coating. High Energy Fuels: Oxidizing 
agent for use in solid propellant combinations 
for rockets. Nucleonics: Heat exchange medi 
Pyrotechnics: Used in signal flares and fire 
works. 





Lithium Perchlorate 
Lido, 
Grade: Technical 


Molecular weight: 106.40. Color and form: 
white, crystalline powder. Density: 2.43 gm/ 
cm* at 25°C. Melting point: 248°C. Decomposi- 
tion starts at about 400°C. and becomes rapid 
at about 430°C., forming LiCl and oxygen. 
High content of available oxygen (60% by 
weight). Heat of formation: -91.8 kcal/mole 
at 25°C. Solubility in water: 29.9 wt. % 
LiClO, at O°C., 37.5 wt. % LiClO, at 25°C, 


71.5 wt. % LiClO, at 100°C. 





Oxidizing Agent: Contains 60 wt. % available 
oxygen (as compared to 46 wt. % for KCI0, 
and 25 wt. % for NH,ClO,). LiClO, com 


tains more oxygen per unit volume than liquid 
oxygen. 





SPECIAL forms and alloys of lithium through a cooperative research and development program are available. Under 4 jo 
working agreement with Brooks & Perkins, Incorporated, we can offer Lithium alloyed with magnesium, aluminv® 


and other light metals tailored.to the customer's specifications. 


Product data and/or technical bulletins are available on lithium metal, 
derivatives, salts and special compounds. 


LITHIUM CORPORATION 


OF AMERICA, INC. 
1118-MS TITLE INSURANCE BUILDING 
i} MINNEAPOLIS 1, MINNESOTA 





WHEREVER HIGH TEMPERATURE OR 
MINIATURIZATION IS YOUR PROBLEM... 
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Acrylics 
Cast Resin Sheets, Rods Moldings 
Type »> —_————_—__—— — 
General General 
Purpose Purpose Grade 5» Grade 6> Grade 8» 
Type t* Type Ils 
PHYSICAL PROPERTIES ASTM 
eis ssnescee D792 1.18-1.19 1.18-1.19 1.18 1.18 1.19 
Ther Cond, Btu/hr/sq ft/°F/ft........ e 0.10-0.15 0.10-0.15 0.12 0.12 0.12 
Coef of Ther Exp, 10-5 per °F.......... D696... 5 5 4 4 3 
ed nick cecvacscaudevecnduas 0.35 0.35 0.35 0.35 | 0.35 
Refractive Index..................... D542. 1,485-1.500 1.485-1.495 1.489-1.493 1.489-1.493 | 1.489-1.493 
Transmittance (luminous, 0.125 in.),%.| D791 91-92 91-92 >92 >92 | >92 
ie ies 6 pes sac ae D672 1-2 1-2 <3 <3 <3 
Water Absorption (24 hr), %.......... D570. 0.3-0.4 0.2-0.4 0.4 0.4 0.3 
Flammability (0.125 in.), ipm.......... D635. 0.5-2.5 0.5-2.5 0.9-1.2 0.9-1.2 0.9-1.2 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, 105 psi....... | D638. 3.5-4.5 4.0-5.0 3.5-4.5 4.0-5.0 | 4.0-5.0 
I | D638. 6-8 8-10 8-9.5 9-10 9-10.5 
SS ee D638 2-7 2-7 3-5 3-5 | 3-5 
Hardness (Rockwell). ................ D785 MS0-100 M96-102 M80-88 M84-95 M92-103 
Impact Str (Izod notched), ft-Ib/in.....| D256 0.5 0.4 0.3-0.5 0.3-0.4 0.3-0.4 
Mod of Elast in Flex, 105 psi........... D790. . 3.5-4.5 4.0-5.0 3.5-4.5 4.0-5.0 4.0-5.0 
Se D790... 12-14 15-17 15 15-16 16 
Compr Yid Str (0.1% offset), 1000 psi. .| D695 10-12 12-14 14.5 15 17 
ELECTRICAL PROPERTIES 
Eee D257.. >10'5 >10'5 >10" >10" >10'5 
Dielec Str (short time), v/mil.........| D149.. 450-500 450-500 400-500 400-500 400-500 
Dielec Const 
EEE. en D150. . 3.5-4.5 3.5-4.5 2.3-3.9 2.3-3.9 2.2-3.5 
ESR 8 SE ere D150. . 2.7-3.2 2.7-3.2 2.3-2.9 2.3-2.9 2.2-2.] 
Dissip Factor 
ee I rs Kkuckoewcses D150. . 0.05-0.06 0.05-0.06 — —_ | — 
Re eee D150. . 0.02-0.03 0.02-0,.03 0.03 0.03 |  0.02-0.03 
PI MI, cn. as cnnicsccaccccsbecececc oe No track No track No track No track No track 
— - ee Se 4 
FABRICATING PROPERTIES 4 
cs ks dic cccvuccansebacenns — — 1.8-2.2 1.8-2.2 1.8-2.2 $ 
Injection Molding 
sks ce dwane Kedaed s.b08 = -- 15-25 15-25 20-30 
DIS. oc cciicadcacneuksvacaca’ _ — 350-425 375-450 400-475 
Eo. soa sc cssaetanceesess ane 250-320 280-340 — — — 
ois as cuvcsseevscboeea o5 — — 350-400 375-425 400-450 & 
HEAT RESISTANCE 
RINNE, . sv cevscctcceecdecce bens 140-160 180-200 155 165 190 
a, os ccncacscdducssocsee saad 150-170 190-210 166 176-180 | 196-202 














CHEMICAL RESISTANCE 


Resist weak alkalis, acids and aliphatic hydrocarbons. Attacked by esters, ketones, aromatic 
hydrocarbons, chlorinated hydrocarbons and concentrated acids 





USES 


Transparent aircraft enclosures, 
radio and television parts, lighting, 
drafting equipment, signs 


Decorative and functional automotive parts, reflectors, 
protective goggle lenses, radio and television parts, 
household appliance parts 





aASTM D702-46. 


bASTM D788-48T. 





eCenco-Fitch. 
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Type »> General Purpose Electrical | High Strength 
PHYSICAL PROPERTIES ASTM | 
chs cctechdschenekdersensiees D792 2.22-2.24 2.16-2.18 | 2.00-2.08 
Te EIEN TT Vi isdceccdacccccccccteeaeedss 0.35-0.60 0.35-0.60 0.20-0.30 
re PRE onc ccccacadcedacesaes D696... 1-3 x 10-5 1-3 x 10 1-3 x 106 
Water Absorption (24 hr), %............00ceeee D570... 0.08-0.10 0.04-0.06 0.07-0.10 
I 6:5.6.655005045004460000000 cus Leadeeana Not self-extinguishing} Self-extinguishing Self-extinguishing 
MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi............ce eee eees D651... 3-4 3-4 6-10 
Impact Strength (Izod notched), ft-Ib/in. +0) eis es 0.30-0.35 0.30-0.35 8-12 
Mod of Elast in Flexure, psi................0065 D790... 22-27 x 105 22-27 x 10° | 22-28 x 105 
Flexural Strength, 1000 psi.................... D790... 7-10 7-10 14-17 
Compressive Strength, 1000 psi................ D690... 16-20 18-20 | 24-28 
ELECTRICAL PROPERTIES | 
Volume Resistivity, ohm-cm................04. D257... 104 104 104 | 
Dielectric Strength (step by step), v/mil......... D149.. 300-350 300-350 300-350 
Dielectric Constant 
PR iAssrhnrcossunacedsvesiacebenass D150... 6.0-6.5 6.0-6.5 | 5.2-6.0 PRC 
Ac Lisa bean ebeawdeabeusaneeee D150... 4.8-5.0 4.2-4.5 4.0-4.5 Plastics 
Dissipation Factor é Subhier 
Ee ee eT eH D159... 0.050-0.060 0.035-0.040 0.02-0.03 
sin cacdats hs chnadeeikanaiiaenae D150... 0.016-0.018 0.014-0.015 0.017-0.022 
FABRICATING PROPERTIES | 
ie hs bce sokin ended coekeenun D954 1.95-2.15 1.85-2.05 | 9-11 
Compression Molding 
SN cccencecsnecstaseesensets Swstcaatcs 1.0-1.5 1.0-1.5 | 1.5-2.0 
se np cnctienancdica tis cannweeaeteten 270-330 270-330 270-330 
HEAT RESISTANCE | | 
Max Rec Svc Temp (limited periods), F.......... eerere — 350 300 | 350 
Heat Dist Temp (264 psi), F..............-000ee | D648... 350-400 350-400 >400 
CHEMICAL RESISTANCE Resistant to weak acids; attacked by alkalis; practically unattacked 
by organic liquids such as alcohols, hydrocarbons and fatty acids 
USES Ignition parts, fuse blocks, switch and circuit breaker covers and 
bases, molded resistors and capacitors, television tuner segments 
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Plastics and Rubber 


Cellulose Acetate 




































































Type | Type !1—Hard* Type tll 
Type »> —Medium* ‘ee ee —Soft* 
HE H4 | H2 | 
PHYSICAL PROPERTIES ASTM | 
aa ieethencaiicas i's D792 1.27-1.34 1.29-1.34 1.28-1.34 1.27-1.34 1.27--1.34 
Ther Cond, Btu/hr/sq ft/°F/ft........ C177 0.10-0.19 0.10-0.19 0.10-0.19 0.10-0.19 0.10-0.19 
Coef of Ther Exp, 10-5 per °F.......... D696. 4.4-9.0 4.4-9.0 4.4-9.0 4.4-9.0 4.4-9.0 
ere D542 1.46-1.50 1.46-1.50 1.46-1.50 1.46-1.50 1.46-1.50 
Sn Pere ee: 0.3-0.42 0.3-0.42 0.3-0.42 | 0.3-0.42 0.3-0.42 
Transmittance (luminous), %......... D791. 80-90 75-90 75-90 80-90 | 80-95 
ECE aS D672. 3-10 4-15 4-15 4-10 3-8 
Water Absorption (24 hr), %.......... D570 2.2-5.7 2.0-3.5 1.9-3.6 | 2.2-5.3 | 2.3-6.5 
Ns oss seems kedeets D635. 0.5-2.0 0.5-2.0 0.5-2.0 0.5-2.0 — 
MECHANICAL PROPERTIES 
RS eres D638 2.7-6.5 6-8.5 5.4-7.6 4.6-6.7 | 1.9-4.7 
Ts cis oo cvs nasicnaes D638 18-47 6-31 12-35 | 17-40 32-50 
Hardness (Rockwell). ................ D785. R72-115 R112-123 R106-121 R101-119 | R49-103 
Impact Str (Izod notched), ft-Ib/in.....; D256. 1.1-4.0 0.4-1.9 0.6-2.3 0.7-2.7 2.0-5.2 
Mod of Elast in Flex, 10° psi...........)......... 1,1-3.5 2.6-4.0 2.3-3.4 1.9-3.3 0.9-2.5 
Compr Str, 1000 psi.................. D695. 14.5-25 25-36 22-33 | 19-28 | 13-20 
ELECTRICAL PROPERTIES 
I i os db en ce uig iso oeions D257.. 19°°_]013 10°°-10'3 10°°-10'3 100-1013 109-103 
Dielec Str (short time), v/mil..........' D149.. 250-365 250-365 250-365 250-365 250-365 
Dielec Const 
hon savncdvameineaae dad D150... 3.5-7.5 3.5-7.5 3.5-7.5 3.5-7.5 | 3.5-7.5 
et Ls eligdecuewaaie D150... 3.2-7.0 3.2-7.0 3.2-7.0 3.2-7.0 3.2-7.0 
Dissipation Factor | 
ET hc ds avnccnwendeh weno D150... 0.03-0.38 0.03-0.38 0.03-0.38 |  0.03-0.08 | 0.03-0.08 
nee D150. . 0.03-0.33 |  0.03-0.33 0.03-0.33 0.03-0.33 , 4 0.03-0.33 
| | 
FABRICATING PROPERTIES | 
ad ow wii al maleate Saks beatae 2.0-2.6 2.0-2.6 2.0-2.6 2.0-2.6 2.0-2.6 
Compression Molding 
Pressure, 1000 psi....................0..2...) 500-5000 500-5000 500-5000 | 500-5000 | 500-5000 
5s oc ecna's whic bani ca 280-350 350-420 330-390 320-370 | 260-310 
Injection Molding 
SS re 8-32 8-32 8-32 8-32 8-32 
a ls ks 8 5 ins 5 6 siadia 355-440 420-490 410-480 390-460 | 335-395 
Se eee eee 355-400 | 420-450 405-455 390-420 335-365 
HEAT RESISTANCE As these are thermoplastic materiais, they gradually become softer as s the temperature ri rises. 
Maximum service temperature depends on such factors as formula, design of te humidity 
and service conditions 
CHEMICAL RESISTANCE Unattacked by water, salt water solutions, white gasoline, oleic acid, 5% acetic acid and 
dilute sulfuric acid. Decomposed by 30% sulfuric, 10% nitric and 10% hydrochloric acids; 
sodium hydroxide; and 10% ammonium hydroxide. Dissolved by acetone and ethyl acetate 
USES Automotive and radio knobs, tool handles, business machine keys. Electrical items such as 
fluorescent lamp supports, coil spools and contact bases. Toys and novelties, sunglass 
goggles and frames, spectacle frames, buttons and tags 





*ASTM D706-55T. 
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Cellulose Acetate Butyrate and Cellulose Propionate 









































Cellulose Acetate Butyrate 
Type » Cellulose 
Propionate> 
Type I Type Ils Type tits 
(Medium) (Hard) (Soft) 
PHYSICAL PROPERTIES ASTM 
eee eceanheins nxn sv ewe D792..... 1.16-1.24 1.19-1.25 1.15-1.22 1.18-1.24 
Ther Cond, Btu/hr/sq ft/°F/ft............... sa 0.10-0.19 0.10-0.19 0.10-0.19 0.10-0.19 
Coef of Ther Exp (max), per °F.............. D696..... 6-9 x 10-5 6-9 x 105 6-9 x10 7-9 x 105 
I Oee2..... 1.46-1.49 1.46-1.49 1.46-1.49 1.46-1.48 
a, es Cn 0.3-0.4 0.3-04 0.3-0.4 0.3-0.4 
Transmittance (luminous), %................ . i 80-90 75-90 85-95 80-90 
EE eee iaeke Obre..... 3-10 5-15 3-8 5-10 
Water Absorption (24 hr), %.................| D570... 1.3-2.1 1.5-2.2 1.1-2.1 1.2-2.0 
oni nc nese etnias arsers OG3S..... 0.5-1.5 0.5-1.5 0.5-1.5 1.0-1.5 
MECHANICAL PROPERTIES P 
I is 6660566000005 000060000F Gs 2.9-5.7 5.0-6.8 1.9-3.8 1.5-7.5 
ns 6560 dian soo 1n%ssses eibbeapensd 47-66 38-54 60-74 50-60 
eS wks 3.0.0 eennay eee R79-112 R108-114 R59-95 R20-120 
Impact Str (Izod notched), ft-Ib/in............ D256..... 1.0-4.3 0.6-2.4 2.5-5.4 0.8-11.0 
Mod of Elast in Flex, psi.................... ieee 0.93-1.7 x 105 1.5-2.0 x 105 0.74-1.3 x 105 1.6-3.3 x 108 
Ee Toe eam No break No break No break No break 
ELECTRICAL PROPERTIES 
Vol Res, ohm-cm. . eae ror ae 1020-102 10°°-102 10-102 102-10" 
Dielec Str (short time), “v/mil.. ES bee D149..... 250-400 250-400 250-400 300-459 
Dielec Const 
te cewini eee pinned eal D150..... 3.5-6.4 3.5-6.4 3.5-6.4 _ 
Ra D150..... 3.2-6.2 3.2-6.2 3.2-6.2 3.4-3.6 
Dissip Factor 
FEE nen, D150..... 0.01-0.04 0.01-0.04 0.01-0.04 _ 
aed ad ind and at yee Very D150..... 0.01-0.04 0.01-0.04 0.01-0.04 0.02-0.03 
FABRICATING PROPERTIES 
edn as ph eundnveéeestsdeananss 2.0-2.4 2.0-2.4 2.0-2.4 1.6-2.0 
Compression Molding 
Pressure, 1000 psi.. 0.5-5 0.5-5 0.5-5 — 
NE aids cn adbnnashuee eons ccs 285-340 320-390 265-305 — 
Injection Molding 
error rr rer rrr ‘ee 8-32 8-32 8-32 8-32 
Temperature, F....... Ke ee Hehe 355-440 390-480 335-395 310-480 
Mold Shrinkage, in./in..................... 0.001-0.008 0.001-0.009 0.001-0.006 0.002-0.006 
HEAT RESISTANCE 
Heat Dist Temp, F 
es canyon daiwa i pekdteens D648..... 156-197 188-233 139-164 130-200 
ES Ar ee D648... 130-172 158-210 121-137 -- 




















CHEMICAL RESISTANCE 











Unaffected by 30% sulfuric, 5% acetic, 10% hydrochloric and oleic acids; discolored 
by 10% nitric acid. Unaffected by 1% sodium hydroxide and 2% sodium carbonate; 
slightly softened by 10% sodium hydroxide and discolored by 10% ammonium hydrox- 
ide. Unaffected by white gasoline, but swollen or.dissolved by ethyl alcohol, acetone, 
ethyl acetate, ethylene dichloride, carbon tetrachloride and toluene. Unaffected by 
water, salt water and 3% hydrogen peroxide 










USES 









Pen and pencil 
parts. Other uses 
similar to those 
of butyrate 


Telephone handsets, steering wheels, automobile white-wall 
disks, film spools, irrigation tubing, radio housings. Electrical 
items such as fluorescent light supports, coil spools and contact 
bases. 





8ASTM D707-55T. 


bValues given are for compounds having different plasticizer contents. 
Self-extinguishing cellulose acetate butyrate compounds are available. 
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Cellulose Nitrate and Ethyl Cellulose 














































































































Ethyl Cellulose Moldings 
Type =» Cellulose Nitrate High Impact 
Sheet General yp 
Purpose A B 
PHYSICAL PROPERTIES ASTM 
ee D792..... 1.35-1.40 1,10-1.16 1.10-1.16 1.10-1.16 
Ther Cond, Btu/hr/sq ft/°F/ft.............. Cenco- 
Fitch .. 0.133 0.092-0.167 0.092-0.167 0.092-0.167 
Coef of Ther Exp, 10-° per °F................ D696... 4.4-6.6 5.5-11 | -9.5-11 9.9-I1 
Refractive Index. . Me sad LAR, D542... 1.49-1.51 1.47 1.47 1.47 
Transmittance (luminous), % Fenn e ee D791... 89-928 — — 
Haze, %... eat: 6UClUlUS 2.0-4.0" — — — 
Water Absorption (24 hr), %.. SR ee D570... 1.0-2.0 1.2-2.0 0.8-2.0 1.0-2.0 
Flammability (>0.050 in.), ipm............. | D635... b 0.5-1.5 0.5-1.5 0.5-1.5 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, 105 psi............. | D638.. 1.9-2.2 0.5-3.5 1.0-3.0 1.0-3.0 
CN ES ae D638. . 7-8 3-7 4-6.5 3-5 
Strain at Fracture, %............... Cada wl D638... 40-50 — - — 
Hardness (Rockwell)....................... D785... R95-115 R80-120 R80-90 R70-80 
Impact Str (1zod notched), ft-Ib/in. ......... | D758... 5-7 1.7-6.0 3.5-6.0 4.0-7.0 
Mod of Elast in Flex, 10° psi... ............. D790... 2.8-2.5 — - - 
EE D790.. = lle 4-10 6 4 
CD ee 2-35 — — — 
ELECTRICAL PROPERTIES 
Vol Res, ohm-cm. ii D257... 10-15 x 101° 10!2-10"4 10!2-10'4 10!2-10!4 
Dielec Str (short time), ‘y/mil... Perern D149... 300-600 350-500 350-500 350-500 
Dielec Const 
ee ks tae oe | D150... 7.0-7.5 - — | — 
10® Cycles. .. D150... 6.4 2.8-3.5 2.8-3.3 3.0-3.6 
Dissip Factor 
60 Cycles... D150... 0.09-0.12 = _ ~ 
10® Cycles. ....... D150... 0.06-0.09 0.010-0.060 0.010-0.030 0.018-0.035 
FABRICATING PROPERTIES ’ 
os 6 6s + sn eeheraces 1,8-2.4 1.8-2.4 | 1.8-2.4 
Compression Molding 
TR a ee <n ee 0.5-5 | 0.5-5 0.5-5 
og osc cdbeecavenss 250-390 250-390 250-390 
Injection Molding 
CC Fo a par — 6-32 8-32 8-32 
ic ieidi aces cdicas eakwess see — 350-500 350-500 350-500 
Hot Forming Temperature, F....... tet or 135-250 — — -- 
Extruding Temperature, F.......... 180-200 300-450 350-450 350-450 
HEAT RESISTANCE 
8 SG vroeren ¥: 120-140 — — — 
Heat Dist Temp, F 
ML ascves ess FRE Wels 5 ca dé ond sadabe Reine 200-220 — — — 
REN ED See ae Ce ED FOL ee Beene 140-160 120-160 130-145 125-140 








CHEMICAL RESISTANCE 









Resistant to 30% sulfuric acid, carbon tetra- 
chloride, 10% sodium chloride, 10% nitric acid, 
10% hydrochloric acid, 5% acetic acid, 2% 
sodium tetrachloride, distilled water, aliphatic 
and aromatic hydrocarbons, and < 1% sodium 
hydroxide. Soluble in ketones, esters, lower 
alcohols and glycol ethers. Attacked by concen- 
trated sodium hydroxide, ethylene dichloride 
and 50% ethanol 


Unaffected by 3 sulfuric, 5 acetic 
and 10% hydrochloric acids; 10% 
sodium hydroxide, 2% sodium car- 
bonate and water. Slightly affected 
by 30 sulfuric and 10% nitric acids; 
and 10% ammonium hydroxide. 
Attacked by 95% ethyl alcohol, 
acetone, toluene and gasoline 









USES 


Fountain pens, spectacle frames, drawing in- 





struments, ping-pong and billiard balls 


Radio housings, toothbrushes, pen 





and pencil barrels, tool handles 





*lf-in. sheet containing no color. 
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eNo break; specimen failed by slipping through supports. 


ENGINEERING 


bCellulose nitrate under 0.050 in. thick burns very rapidly (D568). 













Diallyl Phthalate 














Type » Orlon-Filled Dacron-Filled Asbestos-Filled Glass Fiber-Filled 
PHYSICAL PROPERTIES | ASTM 
a ere D792 1.31-1.34 1.40 1.65-1.70 1.55-1.59 
Coef of Ther Exp, per °F.... D696 1.5 x 10-5 2.0 x 10°5 3.5 x 105 2.2-2.6 x 10-5 
Water Abs (122 F, 48 hr), %............. 0.2-0.5 0.2 0.4-0.5 0.12-0.2 
Flammability (ignition time), sec 68 84-90 70 400-450 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi* D638... 6 x 105 17 x 105 - 
MR ie oe as D638... 4500-6000 4600 4000-5500 5500-7000 
Hardness (Rockwell)................ D785... M108 — M107 M100 
Impact Str (1zod notched), ft-lb/in.......| D256... 0.5-1.2 1.7-4.5 0.30-0.45 0.5-6.0 
PN ae ccycawecnewaxes D790... 10-10.5 9-11.5 8-10 10-12 
Compr Str, 1000 psi....... D695... 20-30 30 18-25 25 
ELECTRICAL PROPERTIES 
Dielec Str, v/mil 
Short Time (dry)... +0. .....0.00..0.. D149... 366 376-390 | 378 382-430 
Short Time (wet). . ..| D149... 375 360-391 330 345-420 
Step by Step (dry) | D149... 364 350-374 320-350 335-420 
Step by Step (wet) D149... 333 350-361 225-250 295-420, 
Dielec Breakdown, kv , 
Short Time (dry) 55-81.7 70-80 55-80 63-70 
Short Time (wet) 60-65 66-70 55 45-65 
Step by Step (dry). 55-60.5 60-65 38-70 | 60-65 Pie 
Step by Step (wet) 46-60 60 | 39-60 | 49.5-65 
Dissip Factor¢ | Plastics 
| D150... 0.023, 0.015 0.006, 0.012 | 0.039, 0.040 0.004, 0.010 & Rubbe 
Wetd...... | D150... 0.026, 0.020 0.009, 0.017 | 0.042, 0.154 0.008, 0.015 
Dielec Const: 
Dry........ re _.| D150... 3.9, 3.3 3.8, 3.4 | 5.2, 4.5 | 4.5, 4.2 
Re uee. D150... 4.1, 3.3 3.8, 3.6 4.8, 4.7 | 4.6, 4.4 
Vol Res, megohm-cm®¢.. 237... 60,000 100-25,000 6000 1000 
Surface Res, megohms? D257... 25,000 500-10,000 6000 500 
Arc Resistance, sec... D495... 85-115 105-125 | 125-140 125 
FABRICATING PROPERTIES 
Bulk Factor... pee D392. 3.5-5.2 5.2 1.9-2.4 1.9-4.0 
Compression Molding 
Preeere, OF)... ........0.. 500-2000 500-2000 500-2000 500-2000 
WOO F occ ccc cccscvccccwe 270-320 270-320 270-320 270-320 
Transfer Molding | 
SRE ecg ame taeree ences 1000-5000 1000-5000 1000-5000 1000-5000 
EP ee | 270-310 270-310 | 270-310 270-310 
Mold Shrinkage, in./in..................)... 0.009 0.010 | 0.004-0.007 0.004 
Post-Mold Shrinkage (480 hr, 257 F), in./in. 0.001 0.0006 0.0005 0.0005-0.0007 
HEAT RESISTANCE 
en ncn cededenddewnsec’s 300 300-370 350-450 400-450 
240-266 270-290 300-350 





CHEMICAL RESISTANCE 


cabs aoc crseeh ees | D648... 








| 300-350 








Unaffected by weak acids and alkalis and organic solvents. Slightly affected by strong acids 


and alkalis 





aConditioned 48 hr at 122 F. 
bTested after 48-hr immersion in water at 122 F. 


ceValues given for frequencies of 1 ke and 1 me, in that order. 


dConditioned 30 days at 100% RH and 158 F. 
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Cast Epoxies 





















































Type »> Epoxy Polysulfide-Epoxy 
PHYSICAL PROPERTIES ASTM 
ee tice Gia scekadessd evden cine D638... 1.15-1.19 1,15-1.23 
Ther Cond, Btu/hr, sq f0/°F /ft.......ccccccccccccsccccs C177... 0.097-0.116 — 
Fe D696...)  2.66-5.00 x 10-5 1.1-5.5 x 105 
Water Absorption (24 hr), %... 2... cece ec ceeccccccces D570... 0.05-0.12 0.25-0.50 
MECHANICAL PROPERTIES 
Re ET OP FOMPEIINE, BON oo ce cccccccncccccccocccs D638... 4.5-5.4 x 105 0.01-3.5 x 105 
po ee D638... 8.5-12 3-10 
EE an bke 4g ee dein 6hs0bse0e0s D638... — 0-100 
nc ase a bese beNesesnsensyecesses D785... M80-105 — 
Impact Strength (Izod notched), ft-Ib/in............... D256... 0.35-0.7 2-10 
FROUTED SUVONMEN, TODO BEN. on ccccccsccccscccccccccces D790... 14.5-18.5 1-18 
Compressive Strength, 1000 psi....................... D695... 15.5-23.5 1-14 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cm..............--0eeeeeeeee D257... >8 x 102 1.3-15 x 10% 
Dielectric Strength (short time), v/mil.................. D149... 400-500 235-400 
Dielectric Constant 
ed babenens cavee tives tcdsansenesaeton D150... 3.7-4.1 2.5-4.5 
j TE ce indvcinucses<casaea tie vsienntees D150... 3.4-3.8 3-6 
Dissipation Factor 
an chi nb ad sc cdadeda yacddetkoaeed vent D150... 0.001-0.002 0.010-0.040 
Citas od vaca awed ecdensaneded D150... 0.020-0.026 0.018-0.090 
a os sc cya cwiknbadukendeiiewswen D495... 50-180 | 50-180 
HEAT RESISTANCE 
Me bess bi letatien kednawbe deensddeseceed oan 300 250-300 
8 Ee DAE ee 150-225 150-250 
CHEMICAL RESISTANCE Resistant to weak acids and some strong 
acids. Slightly affected by some strong alka- 
lis. Practically unattacked by organic liquids 
such as alcohols and hydrocarbons 
USES Tools and dies, potting and encapsulation of 
electrical components, preparation of preci- 
sion castings. High strength laminates,struc- 
tural adhesives, patching compounds 
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Fluorocarbons 


























Polytrifluorochioro- Polytetrafluoro- 
a ethylene ethylene 
PHYSICAL PROPERTIES ASTM 
os a ccacdberines D792.. 2.10-2.15 2.1-2.3 
Ther Cond, Btu/hr/sq ft/°F/ft........... a 0.035-0.036 0.034 
Coef of Ther Exp, per °F................ D696 3.88 x 105 55x 105 
ee D542 1.43 1.35 
specie Heat, Btu/1b/°F...........0.....lecesces- 0.22 0.25 
Transmittance (luminous), %............ D791. 80-92 — 
Water Absorption (24 hr), %............. D570. 0.00 0.00 
ee Ae ee Nonflammable Nonflammable 
MECHANICAL PROPERTIES 
Mod of Elast in Compression, psi......... D638. . 1.8 x 105 0.70-0.90 x 106 
Mod of Elast in Tension, psi............. D638. . 1.9-3.0 x 105 0.38-0.65 x 105 
Tensile Strength, 1000 psi............... D638. 4.6-5.7 1.5-3.0 
Elongation (in 2 in.), %.............008- D638... 28-87 120-350 
Hardness (Rockwell).................... D785.. R110-115 375-95 
Abrasion Resistance, gm/cycle........... b 0.0080 _ 
Impact Strength (Izod notched), ft-Ib/in...| D256... 3.50-3.62 2.5-4.0 
Mod of Elast in Flexure, psi.............. D747... 2.0-2.5 x 105 0.6 x 105 
Flexural Strength (0.1% offset), 1000 psi..| D790... — 1.6 
Compressive Strength (0.1% offset), 
a atueuaatinidsneindeasess set D695. 2.0 0.7-1.8 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cm..............| D257.. 1018 10° 
Dielectric Strength (short time), v/mil....| D149.. 530-600 400-500 
Dielectric Constant 
EE aa a dc enn end eetcnaasee D150... 2.6-2.7 2.0 
RE D150... 2.30-2.37 2.0 
Dissipation Factor 
60 Cycles... .. ‘eclaadhcn dink pannel kiwis: D150... 0.02 0.0002 
Ns Sd es 6 kas ea D150... 0.007-0.010 0.0002 
OD 06 a iis waite unadudeebuteniins >360 >200 
FABRICATING PROPERTIES 
Injection Molding 
I dc se oenesbeteestalevecdsen 5-30 - 
kde seve natnedsecdbicreaves 420-620 — 
Compression Molding 
I «iss cecneeagndeesactevesicis 0.1-15 _ 
GL 5 diss cise ethan eakebbeaneeeds 445-525 -- 
ee rien kc cakiadbaeberdcliedeccks 2.5 — 
Be I RI bcnseseseccedoleesoeses 0.005-0.010 — 
HEAT RESISTANCE 
SRT, © sn io cbescddeescnclesteenes 380 500 
Heat Dist Temp, F 
DN ct 6s beeSelvidibossspensieien D648... 196-291 — 
ES aviv isa davg easekecukbens D648... 151-178 — 








CHEMICAL RESISTANCE 


Impervious to corrosive chemi- 
cals; highly resistant to most 
organic solvents. Swelling may 
occur with some highly halo- 
genatedandaromaticcompounds 


Inert to most chemicals and 
solvents with the exception of 
alkali metals. Halogenated sol- 
vents at high temperatures and 
pressure have some effect 





USES 





Chemical pipes, gaskets, pump 
parts, electrical cables, tank 
linings, connectors, coil forms, 
connector inserts, valve dia- 
phragms, electrical insulation 





Chemical pipes, valves and valve 
liners, gaskets and packings, 
pump bearings and impellers, 
electrical and electronic equip- 
ment, anti-adhesive coatings 





aCenco-Fitch. 
bFederal Spec L-P-406A 1092.1. 
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Plastics and Rubber 


Melamines 

























Fabric— 
Filler and Type »> Alpha Cellulose— Mineral— Low to Intermediate | Fabric—Intermediate 
General Purpose Electrical Shock Resistant Resistance 
PHYSICAL PROPERTIES ASTM 
ec ct cc cdscsseccccces D792... 1.47-1.52 1.7-2.0 1.5 1.5 
Ther Cond, Btu/hr/sq ft/°F/ft..........|........ 0.17-0.24 0.32-0.41 0.257 0.25-0.26 
Coef of Ther Exp per °F................ D696. 1.11-3.17 x 105 1.06-2.50 x 10-5 1.55 x 10-5 1.55 x 10-5 
Transmittance (luminous), %........... D570 14.5 Opaque Low — 
Water Absorption (24 hr), %............ D570. 0.1-0.6 0.08-0.14 0.3-0.6 0.2-1.3 
I oo oe liad oc vas bo snk weakea vere ne Self-extinguishing Self-extinguishing Self-extinguishing Self-extinguishing 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi............. D638. 13-16 x 105 16-19.5 x 105 16 x 105 16 x 105 
ok i nocc dss tna veces D638. . 7-10 5.5-7.0 8-9.5 5.7-9 
eis vcccvecdevsceses D638. . — 0.30-0.45 0.6-0.8 0.6 
Hardness (Rockwell)................... D785.. M118-124, E110 M110 M120 M115 
Impact Str (Izod notched), ft-Ib/in....... D256. . 0.24-0.35 0.28-0.40 0.5-0.9 1.0-1.5 
Mod of Elast in Flex, psi................ D790... 15 x 105 16x 10 18.5 x 105 19 x 105 
NE I OE, 50s sinc cvseccscccss D695. . 40-45 25-30 30-35 25-32 
rr D790. . 10-16 8.7-11 12-15 13-17 
ELECTRICAL PROPERTIES 
EE oe cncwanecesecusnts D257.. 102-104 104-108 10°-102 — { 
Dielec Str (short time), v/mil........... D149.. 310-330 350-430 250-350 130-370 : 
Dielec Const H 
a dis, ig Weinin whoaieean D150... 8.4-9.4 6.4-10.2 7.6-8.6 10.5-15.5 : 
A eee ee D150... 5.6-5.8 6.1-6.7 6.5-6.9 6.1-6.7 
Dissip Factor 
EE as ee See 0.05-0.08 0.07-0.17 0.07-0.11 0.10-0.32 
EE ape mee 0.03-0.04 0.04-0.05 0.036 0.050-0.065 
og D495 122-128 120-170 115-128 5-8 
FABRICATING PROPERTIES 
a D392. 2.1-3.1 2.1-2.5 5-10 5-10 
Compression Molding 
ee Meme « 1.5-8 1-7 4-8 4-8 
ees le ckceee cel emmeacseean 280-370 275-340 275-330 300-380 
Transfer Molding 
CE Se > 4-12 4-20 — — 
eS MPa 300-320 270-340 — — 
Mold Shrinkage, in./in..................)......4. 0.006-0.015 0.003-0.007 0.003-0.004 0.004-0.005 
HEAT RESISTANCE 
Es ois nonin dsanwes osdeeneuens 210 250-400 250 250 
Heat Dist Temp (264 psi), F............. D648. . 350-410 265 310 375 

















CHEMICAL RESISTANCE 


Resistant to weak acids, weak alkalis, organic solvents, greases and oils. Attacked by strong 
acids and strong alkalis 





USES 





General purpose 
electrical and me- 
chanical applications 
such as kitchenware, 
tableware, lighting 
fixtures, reflectors 





Elevated temperature 
and electrical appli- 
cations such as ig- 
nition parts, circuit 
breakers, terminal 
blocks, electronic 


parts 





Applications requir- 
ing improved impact 
strength, such as 
insulation, circuit 
breakers, food trays, 
medical equipment 





Applications requir- 
ing medium impact 
strength, such as 
nozzles, insulation 








DESIGN 


ENGINEERING 





al! 






Melamines—concluded 



































Cellulose Glass | Alpha Cellulose 
Filler and Type »> Unfilled Electrical Fiber | and Mineral 
PHYSICAL PROPERTIES | ASTM | 
RE IN icaninksdceduvcadcaccecs) EER: 1.48 1.43-1.50 1.9-2.0 1.49 
Ther Cond, Btu/hr/sq ft/°F/ft.......... Stead ea — 0.17-0.20 0.28 — 
Coef of Ther Exp, per °F............. on | D696... — 1.11-2.78 x 105 0.82 x 10-5 — 
Transmittance (luminous), %........... feree Good Opaque — | — 
Water Absorption (24 hr), %........... | D570... 0.3-0.5 0.27-0.80 0.10-0.60 | 0.5 
ll rr ree | D570... Self-extinguishing Self-extinguishing Self-extinguishing | Self-extinguishing 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, psi............. | D638. . — 10-11 x 105 — -- 
Ten Str, 1000 psi..... Sy ererere ee 0|0Ue _— 5-9 6-10 5 
eee Ferre | D638... ous 0.6 _ - 
Hardness (Rockwell). .................. | D785... — M115-125 — — 
Impact Str (Izod notched), ft-Ib/in...... | D256... - 0.27-0.36 4.0-12.0 0.30 
Mod of Elast in Flex, psi................ D790... 13 x 105 1.0-1.3 x 105 -- 4. 
EIN. 5s se veccvccesvcn D695... 40-45 25-33.6 26-32 — 
Flex Str, 1000 psi..... pes eneemane eae D790... 11-14 9-10 10-23 8 
ELECTRICAL PROPERTIES 
WS oo Seis ctaddesdicncsss D257.. — 10!2-10'3 1-7 x 104 10!2 
Dielec Str (short time), v/mil........... | D149.. — 350-400 250-300 375 
Dielec Const 
SEs eer ee are D150... _ 6.2-7.6 9.7-11.1 — 
NS Si dies andindeakeman cman | D150... — 4.7-7.0 6.9-7.2 6.4 
Dissip Factor 
S155 S551 h 54005 tn rededunds leeneee — 0.019-0.033 0.14-0.23 | — 
NN aig a eto ie, ee — 0.032-0.06 0.02-0.03 0.031 
Arc Resistance, sec......... pean rn D495 100-145 95-135 180-186 | 125 
FABRICATING PROPERTIES | 
te ole ol ve deneswnes D392. 2.0 2.2-2.6 5-7 | 2.4 
Compression Molding | 
NS as ceseveseissscasfecdeces 2-5 1.5-3 2-8 2-5 
a oy ass iets aa RE NOD oau.d 300-340 290-360 280-340 280-350 
Transfer Molding 
0 ee, Sree — 6-20 8-20 2-10 
ee cate estab eewnalensedsa — 300-330 290-310 285-350 
URIS oe cacsccsscsccleseoeus 0.011-0.012 0.006-0.008 0.001-0.004 | 0.006-0.007 
| 
HEAT RESISTANCE 
(3 AI Pore 210 250-280 300-400 275-325 
Heat Dist Temp (264 psi), F............. D648. . 293-298 265 400 | 300 




















CHEMICAL RESISTANCE 


Resistant to weak acids, weak alkalis, organic solvents, greases and oils. Attacked by strong 
acids and strong alkalis 





USES 





Pearlescent buttons, 
moldings ornamen- 
tal applications 





General mechanical 
and electrical appli- 
cations, particularly 
at elevated tempera- 
tures. Applications 
requiring improved 
holding power for 
metallic inserts such 
as electrical and elec- 
tronic parts 





Applications requir- 
ing high shock re- 
sistance, good elec- 
trical properties, and 
high resistance to 
burning. Switchgear, 
terminal strips, stand- 
off insulators, coil 
forms 





Primarily electrical 
applications requir- 
ing low after-shrink- 
age, good dimensional 
stability and excel- 
lent molding charac- 
teristics 
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Plastics and Rubber 


Polyamides (Nylons) 


















































66 Nylon 610 Nylon 
General Purpose Injection Extrusion and Injection 
Type »> Molding Extrusion Molding 
— and Injection 
0.2% Water 2.5% Water Molding 0.2% Water 1.5% Water 
PHYSICAL PROPERTIES ASTM 
SE oe D792.. 1.14 — 1.14 1.09 — 
Ther Cond, Btu/hr/sq ft/°F/ft..........)  ® 0.14 — 0.142 0.12 -- 
Coef of Ther Exp, 10-5 per °F........... D696 5.5 -- 5.5 5.5 — 
TE os 5 veikdasennse sa teeunaes 0.3-0.5 — 0.4 0.3-0.5 — 
I cc nccnscncesneceees D542. 1.53 — — 1.53 -- 
Water Absorption (24 hr), %............ D570... 1.5 —_ 1.5 0.4 — 
Sy oy eee D757. . .|Self-extinguishing| Self-extinguishing| Self-extinguishing|Self-extinguishing| Self-extinguishing 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, 105 psi......... D638. . 4.1 2.1 4.0 2.8 1.6 
» D638. . 11.8 11.2 11.2-12.6 8.5 7.1 
| re D638. . 60 300 100-200 85 320 
Hardness (Rockwell).................-- D785.. M79, R118 M59, R108 R118 Rill — 
Impact Str (Izod notched), ft-Ib/in....... D256. . 0.9 2.0 1.1-1.5 0.6 1.6 
Mod of Elast in Flex, 105 psi............ D790.. 4.1 2.1 — 2.8 1.6 
Flex Yid Str, 1000 psi..............000. D790.. 13.8 — 13.8 8 -- 
Compr Yid Str, 1000 psi................ D695. . 13 —_— _ 7.2 — 
Compr Yid Str (1% def), 1000 psi....... D695. — — 49 — — 
ELECTRICAL PROPERTIES 
Er D257.. — — 45x 104 — -- 
Dielec Str (short time), v/mil........... D149.. 385 — 385 470 - 
Dielec Const 
6 ad tek uusepecseebesen D150.. 4.0 7.6 4.1 3.9 — 
iin ct ceeds chawen gin D150.. 3.6 3.6 3.4 - _ 
Dissip Factor 
CTCL x. cdinawkesscunacadans D150.. 0.01 0.09 0.014 _ _ 
EEC ean ar D150.. 0.02 0.08 0.04 0.02 _ 
oo D495... — — -— _ ~ 
FABRICATING PROPERTIES 
a D392. 2.1 — 2.14 2.2 - 
Injection Molding 
Ss, ase dhe sacnuheenese ey 10-20 —_— — 10-20 _ 
EE cs sagan vevccsugeacbwacassads 520-650 — — 450-600 - 
A ET NE. LS Ae ee Can be cemented with aqueous phenol or various proprietary adhesives. Spin welding, 
extrusion lamination and other techniques can be used in special cases 
HEAT RESISTANCE 
re ere re 275-300 — — 225 -- 
Heat Dist Temp, F 
UE IE6 Sash ckacavebckua canaa D648... — — 360 ~- = 
MN. dined dua ved Wedbdaedd D648... — _ 150 -- _ 




















CHEMICAL RESISTANCE 


Inert to most organic chemicals such as esters, ketones, alcohols and hydrocarbons. Resist 
alkalis and salt solutions, but attacked by phenols, formic acid, mineral acid and strong 


oxidizing agents 





USES 





Gears, bearings, automatic wash- 
ing machine valves, rollers and 
slides, combs and brush backs, 
aerosol bottles, coil forms, and 
mechanical parts where lubrication 
is undesirable or difficult 





Tubing, rods, 
pipe, sheeting, 
laminations 





Jacketing for wire and cable; 
special molded parts 





aCenco-Fitch. 
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Polyamides (Nylons) —concluded 









































6 Nylon Soluble Resin 
Type »> (solution, injection, Glass Fiber- 
General Purpose Extrusion and extrusion) Filled 
Injection Molding | Injection Molding 
PHYSICAL PROPERTIES ASTM 
A ee re D792 1.13-1.14 1.14 1.12-1.13 1,33 
Ther Cond, Btu/hr/sq ft/°F/ft........... 8 0.10-0.14 0.11-0.12 0.16 — 
Coef of Ther Exp, 10-5 per °F............. D696. 4.6-5.4 4.6-7.1 8.2 Very low 
EE ofa 's cancun is ones Sean Wen 0.4 — 0.4 -_ 
ES a D542. == os — — 
Water Absorption (24 hr), %............. D570... 1.6-2.0 2.1-3.3 2.0-5.5 0.2-1.2 
Ce D757...} Self-extinguishing | Self-extinguishing | Self-extinguishing | Self-extinguishing 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, 10° psi.......... D638. 2.5-3.4 1.5-3.6 0.38 _ 
ERS A a D638. . 10.2-12 10.2-11.3 3.8-7.4 12-20 
EEE TTT ET ETT D638. . 300 300 300-600 6.5-8.5 
Hardness (Rockwell). .................5. D785. R105-118 R103-111 R45-83 M85-95 
Impact Str (lzod notched), 
ee ee eee D256... 1,2-3.0 1.5-3.5 >16 2.0 
Mod of Elast in Flex, 10° psi............. D790... —_ — 0.3-0.7 _ 
PE Oe Oe MP vavccedsccesssscss D790.. 15.5 — 1-2 >25 
Compr Yid Str, 1000 psi................. D695. . 11-12 — — — 
Compr Yid Str (1% def), 
ci tchathathe cided ssneceanees D695. 7.1-9.7 6.7-8.8 0.8 — 
ELECTRICAL PROPERTIES 
ca cccehebddesesessens D257.. 103-105 10'3-10'5 5 x 10% 4.9-5.7 x 105 
Dielec Str (short time), v/mil............ D149.. 420-485 440-500 420 487-520 
Dielec Const 
NN nd cabs nds ad xangeeean D150.. 4.5-11.5 5.1-14.0 10.7 3.99-4.03 
EE | er ee D150... 3.6-4.3 3.5-4.5 45 3.37-3.45 
Dissip Factor 
ee iii da eadecasonn ach D150.. 0.03-0.07 0.06-0.10 0.19 0.0155-0.0210 
Ee nT D150.. 0.03-0.13 0.03-0.11 0.14 0.0171-0.0176 
re D495.. — — _ 147-149 
FABRICATING PROPERTIES 
ESSE Ss ee D392. 1.60-1.68 1.72-1.82 2.5 2.0 
Compression Molding 
ss cb stsbesenesceedareusdaes -- — 1-2 — 
Sea -- — 325-380 — 
Injection Molding 
5 od scones gban ek Gaebvese sad 10-25 — 10-25 10-25 
TE ET See eae 440-550 — 300-500 450-700 
Ey os ciawied et dens deusenteee andes 450-550 430-550 500-550 — 
EE nee re Nylon adhesive or aqueous phenol — 
HEAT RESISTANCE 
ETI, Fo is cccscecccesecedfecseeces 225-250 200-250 140 300-400 
Heat Dist Temp, F 
8 re D648. . 340 _— 100 350 
A ci ehh hs uden aka henaned D648... 145 — — — 
CHEMICAL RESISTANCE Resists esters, ke- | Resists petroleum | Resists ketones, | Attacked by strong 





USES 


tones, alkalis, 
weak acids, alco- 
hols and common 
solvents. Not re- 
sistant toconc min- 
eral acids 


ils and greases, 
alkalis, esters, ke- 
tones, alcohols and 
common solvents. 
Not resistant to 
mineral acids 


alkalis and esters. 
Not resistant to 
alcohols, phenols, 
formic acid, and 
mineral acids 


acids. Fairly resis- 
tant to strong 
alkalis. Resists 
common solvents 








Bearings, gears, 
bushings, coil 
forms, brush 
backs, rod, tubing, 
tape 


Abrasion resistant 
shielding on insu- 
lated wire and 
mechanical cable. 





Pipe, tubing 


Jacketing for wire 
and cable, seals, 
packings, sheeting, 
adhesives, abrasion- 








resistant finishes 


Gears, business 
machine parts, ap- 
pliance handles, 
terminal blocks, 
meter housings 





aCenco-Fitch. 







bCan be bonded with 70-80 methanol-water as cement, or 10% solution of resin in methanol-water as solvent. 


MATERIALS SELECTOR ISSUE, 1958-59 ¢ 153 








Fe nee 


Plastics and Rubber 


Phenolics 





suisoi chet 





| 
High Shock— | Very High Shock— 

















General— Shock— 
Type and Filler » Woodflour and | Paper, Flock Chopped Fabric Glass Fiber 
Flock or Pulp or Cord | 
PHYSICAL PROPERTIES ASTM 
reid ikessadsesceceseden D792... 1.32-1.55 1.34-1.46 1.36-1.43 1.75-1.90 
Ther Cond, Btu/hr/sq ft/°F/ft............ C177... 0.097-0.170 0.1-0.16 | 0.097-0.170 | one 
Coef of Ther Exp, 10-5 per °F.............| D696... 1.66-2.50 1.6-2.3 1.60-2.22 0.88 
Og SE eT ere D570... 0.35-0.40 — 0.30-0.35 | 0.28-0.32 
Water Absorption (24 hr), %.............. D635... 0.3-0.8 0.4-1.5 0.4-1.75 0.1-1.0 
TA a NE, Pe Self-extinguishing | Self-extinguishing | Self-extinguishing | Self-extinguishing 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, 105 psi........... D638. . 8-13 8-12 9-14 30-33 
PE Ns 05 6niks 665s cseecocvces D638, 
D651.. 6.5-8.5 5.0-8.5 5-9 5-10 
Lk en D638. . 0.4-0.8 — 0.37-0.57 0.2 
Hardness (Rockwell)..............0....5. D785. M108-120 — M93-120 M95-100 
Impact Str (Izod notched), ft-lb/in........ D256. 0.24-0.50 | — | 0.6-8.0 10-33 
Mod of Elast in Flex, 105 psi..............)........ 8-12 | — 9-13 — 
i sd dass entacess D570. 8.5-12 | 8.0-11.5 8-15 10-45 
errr rer D695. 22-36 | 24-35 15-30 17-30 
ELECTRICAL PROPERTIES | 
ee D257... 10®-10'3 1-50 x 104 >10'° 7-10 x 10% 
Dielec Str (short time), v/mil............. D149.. 200-425 | 250-350 200-350 200-370 } 
Dielec Const | : 
hs cs doe Cis aca edeee D150... 5.0-9.0 | 5.6-11.0 6.5-15.0 7.1-7.2 iy 
eg ick eda ica CEES D150... 4.0-7.0 4.5- 7.0 4.5- 7.0 4.6-6.6 : 
Dissip Factor 
hd os 90s vpcckid essbenen D150... 0.05-0.30 0.08-0.35 0.08-0.45 0.02-0.03 
ESS See: D150... 0.03-0.07 0.03-0.07 0.03-0.09 0.02 
er ne D495. 5 5 5 60 
FABRICATING PROPERTIES 
a oo bo venue cnecehvnne ots 2.1-4.4 2.3-5.7 3.0-18.0 6.1-6.3 
Compression Molding 
eT. hen eda ickecakiaad 1.5-5.0 | 2-5 2-6.5 1-5 i 
I es os des pabeeeciees 290-380 290-380 280-380 500-5000 ‘| 
Transfer Molding | | . 
ID, 5 sacs csvseedcvcccddfienvedes 2-10 2-10 2-12 — if 
Pere rereee emery 275-340 | 275-340 275-340 | ~ 
Mold Shrinkage, in./in...................).....05. 0.005-0.008 | 0.004-0.009 0.002-0.009 0.0 
HEAT RESISTANCE | 
PUT WEI, Bais c doses ccccesccccloce diesen 300-350 300 250-275 350-450 
SE Se D648. . 260-340 290-340 250-340 | 600 











CHEMICAL RESISTANCE 


Severely attacked by strong acids and strong alkalis. Effects of dilute acids, 
alkalis and organic solvents vary with the reagent. Chemical resistance varies with 
the particular formulation and not all materials of a type are equally resistant 





USES 





Mechanical applications include pulleys, wheels, motor housings, handles. Electrical 
uses include coil forms, ignition parts, condenser housings, fuse blocks, instrument 
panels. Thermal applications include handles, appliance connector plugs. Chemical 
uses include photographic development tanks, rayon spinning buckets and parts, 
milking machine cups. Decorative uses include radio and television cabinets, 
handles, knobs, buttons 
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Phenolics—continued 


















































Shock & Heat— 
Type and Filler » High Frequency— Mineral, Flour Heat— Chemical 
Mineral and Yarn Mineral (no filler) 
PHYSICAL PROPERTIES ASTM 
EE re D792... 1.75-1.92 1.68-2.00 1.54-1.75 1.24-1.90 
Ther Cond, Btu/hr/sq ft/°F/ft............ C177... 0.24-0.34 0.19-0.39 0.19-0.39 — 
Coef of Ther Exp, 10-5 per °F.............| D696... 1.05-1.44 0.83-1.17 1.17 2.4 
ee D570... 0.28-0.32 0.28-0.32 0.28-0.32 — 
Water Absorption (24 hr), %.............. D635... 0.01-0.07 0.1-0.5 0.2-0.5 0.15-0.60 
SEE or ee Self-extinguishing | Self-extinguishing | Self-extinguishing | Self-extinguishing 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, 105 psi...........| D638. 30-50 15-25 10-20 | 7-15 
GE 50 aac sca ¥aceaseseces D638, | 
D651. 5-] 4-9 4-6.5 | 4.5-7.5 
cs sen deadaudacuar D638. 0.10-0.53 | _ — © 
Hardness (Rockwell)...................-. D785 M100-110 | M100-110 M98-115 M105-120 
Impact Str ([zod notched), ft-Ib/in.. .. ....| D256 0.30-0.38 0.27-3.50 | 0.24-0.40 | 0.2-0.6 
Mod of Elast in Flex, 105 psi..............|........ 30-40 10-25 10-20 7-15 
I ee D570 8-12 7-15 3-10.5 7-12 
| rer rere rere D695. 15-25 15-25 15-35 18-32 
ELECTRICAL PROPERTIES 
es ci rhc kaddecceasvacka D257.. 103 100-102 101-102 10 -102 
Dielec Str (short time), v/mil Diss Ve aeeen D149.. 300-375 100-250 150-350 225-275 
i Dielec Const 
: 60 Cycles........ ~ opernr 2 Siiaadede D150... 4.7-5.5 30-150 5.8-40.0 | 9-19 
i 10° Cycles....... See CPE re es: ..| D150... 4.4-5.1 | 5-7 48- 8.0 | 5.5-7.0 
Dissip Factor | | 
ee eer D150... 0.01-0.07 0.25-0.50 0.10-0.35 0.15-0.25 
Ee Ne ciee ole D150... 0.005-0.02 0.10-0.50 0.04-0.15 0.04-0.09 
Arc Resistance, sec..................0.6- D495. 16 | 6 | 5-120 _— 
i —_ sitter ties aneetanuptnnaiain 
FABRICATING PROPERTIES | 
Bulk Factor... a 2.1-2.7 | 3-14 | 2.0-2.8 1.9-3.0 
Compression Molding | 
P I S55. d5 85 6Las'acdavetes cowadd 2.0-5.5 2-6 2-6 2-6 
: Temperature, F. . 300-350 | 290-380 | 290-380 300-360 
Transfer Molding | 
cs kG hoe cde badcockescdeleke 2-10 2-12 2-9 2-10 
Se See 275-325 275-325 275-325 275-340 
Mold Shrmmmage, in./in...................]....0.0. 0.003 |  0.0005-0.005 0.002-0.006 0.002-0.01 
HEAT RESISTANCE 
TE ee ns Sree 250-300 350-400 375-425 300-425 
5, SENG ide bse wenk D648... 230-325 290-375 350-400 300-350 














CHEMICAL RESISTANCE 


Severely attacked by strong acids and strong alkalis. Effects of dilute acids, 
alkalis and organic solvents vary with the reagent. Chemical resistance varies with 
the particular formulation and not all materials of a type are equally resistant 





USES 


Mechanical applications include pulleys, wheels, motor housings, handles. Elec- 
trical uses include coil forms, ignition parts, condenser housings, fuse blocks, 
instrument panels. Thermal applications include handles, appliance connector 
plugs. Chemical uses include photographic development tanks, rayon spinning 
buckets and parts, milking machine cups. Decorative uses include radio and 





television cabinets, handles, knobs, buttons 
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See ye ae nie 





Plastics and Rubber 


Phenolics—concluded 








Arc Resistant— 


Rubber Phenolic— 


Rubber Phenolic— 


Rubber Phenolic— 


























Type and Filler » Mineral Woodflour or Flock |} Chopped Fabric Asbestos 
PHYSICAL PROPERTIES ASTM 
tees dk ceases sd D792... 1.8-3.0 1,24-1.35 1,30-1.35 1,60-1.65 
Ther Cond, Btu/hr/sq ft/°F/ft............ C177.. 0.24-0.34 0.12 0.05 0.04 
Coef of Ther Exp, 105 per °F............. D696. . _ 0.83-2.20 17 2.2 
ge D570... 0.28-0.32 0.33 _ _ 
Water Absorption (24 hr), %.............. D635... 0.2 0.5-2.0 0.5-2.0 0.10-0.50 
i RE or erty: Self-extinguishing | Self-extinguishing | Self-extinguishing | Self-extinguishing 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, 10° psi........... D638. . _— 4-6 3.5-6 5-9 
cca dakabeses sisensee D638, 
D651... 6 4.5-9 3.5 4 
a csc cckvccsdcdeeeedsn D638... _ 0.75-2.25 — — 
Hardness (Rockwell)...................5. D785. . _ M40-90 M57 M50 
Impact Str (Izod notched), ft-Ib/in.........| D256... 0.32 0.34-1.0 2.0-2.3 0.3-0.4 
Mod of Elast in Flex, 105 psi. .............J....0065 _ 4-6 3.5 5.0 
PN i occsscedsbecccceccceces D570. 10 7-12 7 7 
0) D695. 20 12-20 10-15 10-20 
ELECTRICAL PROPERTIES 
ES re D257... 6 x 102 10®-10 10 10 
Dielec Str (short time), v/mil............. D149... 380 250-375 250 350 
Dielec Const 
EE iL ae ne ee D150. . 7.4 9-16 15 15 
RE SE OR ea D150.. ~ 5 5 5 
Dissip Factor 
ee tanducdacindetccecaaaede D150... — 0.15-0.60 0.5 0.15 
SEES ee een eee D150... 0.10 0.1-0.2 0.09 0.13 
Arc Resistance, sec..............2...008- D495... 180 7-20 10-20 5-20 
FABRICATING PROPERTIES 
Oi icb ses cbs sceceedefecsesces 2.4 2.5-4.0 4.6-8.0 2.5 
Compression Molding 
cc accisaciseckessteccaas es 2-5 2-6 2-6 2-6 
Se a5. chaadeaesuceesdsdevdaacees 285-350 300-360 300-350 300-350 
Transfer Molding 
cic cs ckcksccbsscscrstececects 2-10 2-12 2-12 2-12 
es nb tiactscacockectiesve 285-350 300-350 300-350 300-350 
Mold Shrinkage, in./in. .................[ececeeee 0.004 0.005-0.010 0.003-0.006 0.005-0.008 
HEAT RESISTANCE 
4) a es Pee 400 212-300 212-225 225-260 
Heat Dist Temp, F...........cccccccceees D648... 335 220-270 220-280 250-300 








CHEMICAL RESISTANCE 


Severely attacked by strong acids and strong alkalis. Effects of dilute acids, 
alkalis and organic solvents vary with the reagent. Chemical resistance varies with 
the particular formulation and not all materials of a type are equally resistant 





USES 





Mechanical applications include pulleys, wheels, motor housings, handles. Elec- 
trical uses include coil forms, ignition parts, condenser housings, fuse blocks, 
instrument panels. Thermal applications include handles, appliance connector 
plugs. Chemical uses include photographic development tanks, rayon spinning 
buckets and parts, milking machine cups. Decorative uses include radio and 
television cabinets, handles, knobs, buttons 
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Cast Phenolics 






































































Type I— Type li— Type Hi— 
Type »> Mechanical General Purpose General Purpose 
and Chemical Decorative Transparent 
PHYSICAL PROPERTIES ASTM 
enc cacncecssdensaceseseten D792... 1.31 1.32 1.33 
of gg re Pre D696...) 3.3-4.4x 105 3.3-5.5 x 105 4.7-6.6 x 105 
Water Absorption (24 hr), %.........-.eeeeeees D570... 0.35-0.40 0.32-0.35 0.3-2.0 
Flammability (>0.050 in.). 2.2.2... cee ee eee D635...) Self-extinguishing Self-extinguishing Self-extinguishing 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi.................4.. D638... 4-5 x 105 3-4.5 x 105 1-3 x 108 
Tensile Strength, 1000 psi..................06- D638... 6-9 5-7.2 2.5-4.5 
I acvddacdcseencadcoecsesss D785... M93-120 M90-105 R98-120 
Impact Strength (Izod notched), ft-Ib/in......... D256... 0.25-0.40 0.30-0.45 0.23-0.35 
Mod of Elast in Flexure, psi.............-.ee00 D790... 3-5 x 105 3-5 x 105 1-3 x 105 
Flexural Strength, 1000 psi. .........eeeeeaeeee D790... 11-17 10-15 4-7" 
Compressive Yield Strength (1% offset), 1000 psi. .| D695... 14-18 12.8-15.8 4.5-6.5 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-CM......-.eeeceeeeeeee D257... 1-7 x 102 1-3 x 10 3x 10" 
Dielectric Strength (short time), v/mil........... D149... 350-400 300-450 75-250 
Dielectric Constant 
As cutachigueudabaediedseesceaen D150... 6.5-7.5 15-20 20-30 
Dt ihiiiceeestcenndscscsisuceekauned D150... 4.0-5.5 5.0-11.0 7-8 
Loss Factor 
ES SE ee eT D150... 0.05-0.9 0.4-4.0 5.0-17.0 
Pc ccenveherdswanmhnssesescncesen D150... 0.15-0.35 0.05-1.10 0.6-0.8 
FABRICATING PROPERTIES — Castings produced by pouring resins into molds (generally made of 
lead). Resins converted to solid by heating several days at atmos- 
pheric pressure and temperatures below 212 F. After oven baking, 
casting is removed from mold and is ready for machining and 
polishing 
HEAT RESISTANCE 
Heat Dist Temp, F 
re yee be ee eer ee D648... i 150-160 125-135 
a re ely ana Gaia hae D648... 165-175 130-140 100-125 
CHEMICAL RESISTANCE Unless specially formulated, do not resist strong alkalis or strong 
acids. Dilute alkalis: slight to marked attack depending on alkali. 
Dilute acids: no effect or slight decomposition depending on acid. 
Continuous immersion in acetone, Cellosolve, methyl alcohol or ethyl 
alcohol results in noticeable attack, depending on time, temperature 
and hardness of cast resin 
USES Drill and saw jigs, stretch press molds and dies for fabricating air- 
craft parts, furniture hardware, instrument casings, sporting goods, 
costume and ornamental jewelry 
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Plastics and Rubber 


Cast Allyls and Polyesters 









































Type »> Allyl | Rigid Polyester Nonrigid Polyester 
PHYSICAL PROPERTIES ASTM 
ee Ae D792... 1.30-1.45 1,12-1.46 1.06-1.25 
Ther Cond, Btu/hr/sq ft/°F/ft.......... pele C177... 0.116-0.121 0.10-0.12 — 
NE he See D696. . . 2.8-5.6 x 10-5 3.9-5.6 x 10-5 _- 
SE ee D542... 1,50-1.58 1.53-1.58 1.50-1.57 
ge ee, eee 0.26-0.55 0.30-0.55 — 
Water Absorption (24 hr), %.............0..0.. D570 0.93-1.0 0.15-0.60 0.40-2.5 
MECHANICAL PROPERTIES | : 
Mod of Elast in Tension, psi.................... D638. . 2-3 x 105 | 1.5-6.5 x 105 ~- 
Tensile Strength, 1000 psi..................... D638. 45-7 4-10 0.9-1.9 
SE, ee D638. — <5 40-310 
ee D785. M92-118 M65-115 — 
Impact Strength (Izod notched), ft-lb/in.........| D256 0.18-0.32 0.18-0.40 >7.0 
Pe errr rrr per errs 3-8 x 105 3-9 x 105 0.001-0.1 x 105 
Flexural Strength, 1000 psi.....................| D790.. 6-14 7-19 - 
Compressive Strength, 1000 psi............... D695 20-26 12-37 — 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cm.................... D257.. >10'8 >10'8 >10! 
Dielectric Strength (short time), v/mil..........| D149.. 330-500 340-570 220-400 
Dielectric Constant ; 
ee ee 3.2-5.2 | 2.8-4.4 4.2-7.0 4 
| A RT I ap D150. . 3.3-4.8 2.8-4.0 3.7-6.1 i 
Dissipation Factor | 2 
I SS oe D150... 0.006-0.02 | 0.003-0.04 0.02-0.18 E 
hemline hte analns xsl nip died D150. . 0.024-0.045 0.006-0.04 0.02-0.06 E 
TT Pe ee errr ry D495 120-150 | 115-135 125-145 
HEAT RESISTANCE 
ee D648. . 300 250-300 200-250 


Heat Dist Temp, F..... aE Rs 4 ais hk 5 








CHEMICAL RESISTANCE 





120-320 | 120-420 250 ‘: 


Attacked by oxidiz- | Slightly to heavily attacked by strong acids. 
ing acids. Slightly at- | Attacked by strong alkalis, ketones and 
tacked by strong al- | chlorinated solvents 

kalis. Resistant to or- 

ganic solvents 





USES 


Castings used for aircraft glazing, electrical components, decorative 
applications. Resins used for premix and prepreg molding materials, 





matched metal molding and hand lay-up molding 








Sas A > 


Polyethylenes 














Low Density Medium Density | High Density 
Type » 
Melt Index Melt Index Melt Index Melt Index Melt Index 
0.3-3.6 6-26 200 0.3-8.0 0.3-8.0 
PHYSICAL PROPERTIES ASTM 
Specific Gravity.......... .. D792 0.910-0.930 0.918-0.925 0.910 0.926-0.941 0.941-0.970 
Ther Cond, Btu/hr/sq ft/°F /ft C177 0.19 0.19 0.19 0.19 0.24 
Coef of Ther Exp, 10-° per °F... D696 8.9-11.0 8.9-11.0 11.0 8.3-16.7 6.9-11.0 
Refractive Index............ D542 1.51 1.51 1.51 1.51 1.51 
Spec Ht, Btu/Ib/°F . sing D570 0.53-0.55 0.53-0.55 0.53-0.55 0.53-0.55 0.53-0.55 
Water Absorption (24 hr), %.. D635 <0.01 <0.01 <0.01 <0.01 <0.01 
Flammability, ipm. . 1.0 1.0 1.0 1.0 1.0 
MECHANICAL PROPERTIES , 
Mod of Elast in Tension, 10° psi. D638 0.21-0.27 0.20-0.24 — 0.35-0.90 0.86-1.6 
Ten Str, 1000 psi D412 1.4-2.5 1.4-2.0 0.9-1.1 1.6-2.5 3.5-5.5 
Elong (in 2 in.), % D412 500-725 125-675 80-100 — 25-700 ; 
Hardness (Shore) ; D785 C73, D50-52 C73, D47-53 D45 D45-65 D63-70 
Impact Str (Izod notched), ft-Ib/in. D256 ~ _ — — 1-12 
Brittleness Temp, F............. - <~-94 <-4 <14 <-/5 <-100 
Stiffness in Flex, 1000 psi. . D747 13-27 12-30 10 — 55-120 
Shear Str, 1000 psi 1.6-1.85 1.4-1.7 l 3.0-4.2 3.5-4.5 
ELECTRICAL PROPERTIES 
Vol Res, ohm-cm. . D257 10!7-1019 10'7-1019 10!7-1019 10!7-1019 10!7-10'9 
Dielec Str (short time), v/mil D149 550-1000 550-1000 550-1000 550-1000 550-1000 
Dielec Const D150 2.3 2.3 2.3 2.3 2.3 * 
Dissip Factor. . D150 <0.0005 <0.0005 0.0005 <0.0005 <0.0005 
FABRICATING PROPERTIES 
Bulk Factor 1.8-2.0 1.8-2.0 1.8-2.0 1.8-2.0 1.8-2.0 
Compression Molding 
Pressure, 1000 psi 1.0-3.5 
Temperature, F 300-450 
Injection Molding 
Pressure, 1000 psi 5-22 5-15 2-10 10-15 5-22 
Temperature, F....... 275-650 275-650 250-350 300-500 275-650 
Mold Shrinkage, in./in.. . 0.02-0.05 0.01-0.04 0.01-0.02 0.02-0.05 0.02-0.05 
Apparent (bulk) Density... . 30-33 30-33 30-33 — 29-30 
HEAT RESISTANCE 
Softening Point, F.... 196-230 180-230 156 — 268 





CHEMICAL RESISTANCE 


as nitric, chlorosulfonic and fuming sulfuric. 





Excellent resistance to acids and alkalis at normal temperatures, except oxidizing acids such 
Below 122 F, insoluble in organic solvents; at 
higher temperatures soluble to varying degrees in hydrocarbons and halogenated hydro- 
carbons, but insoluble in more polar liquids. Generally, a higher melt index material has 
greater solubility 





USES 





Injection moldings: kitchen utility ware, toys, process tank liners, 
closures, packages, sealing rings, battery parts. Blow moldings: squeeze | 


bottles for packaging, containers for drugs. Film: wrapping materials 


for food, clothes, other items. Wire and cable: high frequency insulation, 
jacketing. Pipe: chemicals handling, irrigation systems, natural gas 
transmission 





Refrigerator 
parts, buoyancy 
applications, 
packaging, struc- 
tural housing 
| panels, pipe tin- 
sulation, cold 
| storage insula- 
tion. toys | 










































Plastics and Rubber 


Silicones 










































































Improved Impact— High Impact—Glass 
Type and Filler » General— Mineral Glass Fiber Fiber 
PHYSICAL PROPERTIES ASTM 
ee D792... 1.8-2.0 1.8-2.0 1.65-2.00 
Ther Cond, Btu/hr/sq ft/°F/ft............ C177... 0.089-0.097 0.089-0.097 0.089-0.097 
Coef of Ther Exp, per °F................. D696... 2.78-3.23 x 10-5 3.17-3.23 x 10-5 0.45 x 10° 
Water Absorption (24 hr), %.............. D570... 0.2-0.4 0.4-0.5 0.1-0.5 
eee D635... 0-78 0-60 25-100 
MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi................ D651... 4-43 4-43 4.4-5 
Hardness (Rockwell)..................... D785... M89 M89 M45 
Impact Strength (Izod notched), ft-Ib/in....| D256. .. 0.25-0.30 0.33-0.38 3.00-6.00 
Mod of Elast in Flexure, psi............... D790... 10-13 x 105 9-11 x 105 15-19 x 105 
Flexural Strength, 1000 psi............... D790... 6.8-7.5 6.1-6.4 9-14 
Compressive Strength, 1000 psi........... D695... 16-20 12-16 10-15 
ELECTRICAL PROPERTIES 
' Volume Resistivity, ohm-cm.............. D257... >3.4 x 10!8 >3.4 x 1018 >5 x 10% 
} Dielectric Strength (short time), v/mil.....| D149... 350-400 300-400 250-400 
: Dielectric Constant 
ees aw gaekd ondexccecks aces D150... 4.1-4.5 5.1-5,.3 48-50 
ESS ioe ois duke) 6 0 odes laden D150... 3.8-4.3 4.9-5.1 3.6-5.1 
Dissipation Factor 
EG Cdn lo hls care cds v9.00 be D150... 0.010-0.014 0.008-0.011 0.006-0.030 
ee and gies 6 Sans iret D150. .. 0.006-0.010 0.007-0.011 0.005-0.020 
ee ee D495... 250-420 250-350 20-350 
Loss Factor 
EL Se ar er D150... 0.041-0.063 0.041-0.058 0.029-0.035 
ER 0: Fae D150... 0.023-0.043 0.034-0.056 0.025-0.077 
FABRICATING PROPERTIES 
ee csc ede cedasteves bees 2.1-2.6 2.3-2.8 6-9 
Compression Molding 
es ares 2-4 2-4 1-5 
eS am 300-350 300-350 300-350 
Transfer Molding | 
iss dnb aw die Autede ee ob bi 3.5-15 3.5-15 4.5-15 
rcs, Mae enneer 300-350 300-350 300-350 
SY Ee, See 0.006-0.010 0.005-0.008 0.003-0.005 
HEAT RESISTANCE 
er Are >450 >450 >450 
rn D648. . >300 >300 >300 
CHEMICAL RESISTANCE Resistant to aviation gasoline, lubricating oil, and sulfuric and hydrochloric acids. 
Slightly softened and pitted by sodium hydroxide, except some of the mineral- 
filled materials. Should be tested if resistance to ketones, toluene, ethylenes, etc., 
is required 
USES Motor slot wedges, terminal boards, connector plugs, switches and insulators, 
aircraft brake assemblies, jet engine parts, aircraft ignition systems, guided 
missile parts 
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Polystyrenes and Polymethylstyrenes 




















































































Methyistyrene Polystyrene 
sacle Polymethyl- Methylstyrene- General Heat Glass 
styrene Acrylonitrile Purpose Resistant Fiber-Filled 
PHYSICAL PROPERTIES ASTM 
SRORG GIOMRY «oc sccsccccess. D792... 1.03 1.06 1.04-1.07 1.04-1.07 1.32-1.35 
Ther Cond, Btu/hr/sq ft/°F/ft....| C177.. _ — 0.058-0.080 0.058-0.080 — 
Coef of Ther Exp, 105 per °F..... D696. — — 3.3-4.4 3.3-4.4 — 
I Spe ree _— _ 0.32-0.35 0.32-0.35 — 
Refractive Index................. D542.. 1,581 1.559 1.58-1.60 1.58-1.60 Low 
Transmittance (luminous), %.....|........ Transparent Transparent 0-93 0-93 o 
Water Absorption (24 hr), %...... D570. 0.05 0.31 0.03-0.05 0.03-0.07 0.07 
Flammability, ipm............... D635. Slow Slow 1.0-1.5 1.0-1.5 _ 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, 105 psi... | D638... _— _ 4-5 4-5 12 
Pee BE ckciccccceeeancs D638. . 6.6 9.3 5-8 7-8.5 10-14.5 
o  ) 2 Se D638. . 2.2 2.5 1.5-2.4 1.5-2.4 0.75-1.0 
Hardness (Rockwell)............. D785. M76 M83 M68-80 M65-85 M80-90 
impact Str (1zod notched), ft-Ib/in..; D256. 0.33 0.40 0.25-0.35 0.25-0.40 1.5-2.5 
Mod of Elast in Flex, 10° psi......)........ 4.0 4.6 4-5 4-5 — 
Flex Str, 1000 psi................] D790.. 13 16 8-15 11-16 — 
Compr Str, 1000 psi............. D695... _ — 11.5-16 11.5-16 16-19 
ELECTRICAL PROPERTIES 
Vol Res, ohm-cm................ D257... 2.63 x 104 2.65 x 104 10'8-10!9 10'8-10" 0.1-6.7 x 105 
Dielec Str (short time), v/mil.....| D149... 890 610 >500 >500 440-496 
Dielec Const 
RE tcdsavecessecnsnes D150.. _— _ — — 3.11-3.22 
10® Cycles....... es eee ...| D150... 2.48 2.81 — 2.45-2.65 2.94-2.98 
Dissip Factor 
ree re D150.. _ _ _ — 0.0364-0.0490 
EE eee D150.. 0.0006 0.0078 — 0.0001-0.0005 0.0019-0.0025 
Arc Resistance, sec.............. D495.. — — — — 95-109 
FABRICATING PROPERTIE 
Ee _ — 1.6-2.3 1,6-2.3 -— 
Compression Molding 
Pressure, 1000 psi............ Pe 1-8 1-8 1-7.5 1-10 2-5 
Temperature, F............... os tw Sahl 300-375 300-375 275-400 275-400 275-350 
Injection Molding 
Pressure, 1000 psi............. ree: 10-30 10-30 10-24 10-24 15-20 
Temperature, F............ Pee 400-550 400-550 325-650 375-600 450-575 
Mold Shrinkage, in./in.......... | ‘Vee: 0.0046 0.0035 0.002-0.008 0.002-0.008 0.001-0.005 
MLS hwcinwksschasdaneads Bo Can be solvent welded with ethyl or — - _— 
butyl acetate, methylethyl ketone, cyclo- 
hexanone or trichloroethylene; also 
(polymethylstyrene) xylene or toluene. 
Better bonds obtained by adding ground 
resin granules to these solvents 
HEAT RESISTANCE 
max Rec Sve Temp, F..........c.Jecsccee. 210 212 140-160 160-180 — 
Heat Dist Temp, F............... D648. . 213 215 165-190 182-206 218-230 
CHEMICAL RESISTANCE Same as polysty- | Resists aliphatic | Good resistance to alkalis, salts, lower alcohols, glycots, 
renes hydrocarbons, gaso- | water. Fair resistance to mineral and vegetable oils. 
line, essential oils, | Soluble in aromatic and chlorinated hydrocarbons. Sof- 
vegetable and | tened or attacked by higher alcohols, gasoline, strong 
mineral oils oxidizing acids, chlorine and bromine waters 
USES Radio cabinets, | Same as polymeth- | Electrical parts, including storage | Household utility, 
housewares and | ylstyrene. Also | battery cases, insulators, coil forms. | cases, meter hous- 
household utility | metering sight | Fluorescent light fixtures, rigid con- | ings, cabinet doors, 
parts, refrigerator | glasses,fanblades, | tainers, instrument panels, light | storage drawers 
parts, decorative | combs, automotive | machine housings, nameplates, re- 
lighting, packag- | interior parts, | frigerator parts, housewares, toys 
ing, electronic | machine housings 
components 
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Plastics and Rubber 


Modified Polystyrenes 






































Type » Heat & Cheniical 
Resistant Medium Impact High Impact Extra High Impact 
PHYSICAL PROPERTIES ASTM 
er D792... 1.05-1.11 1.05-1.07 1.04-1.08 1,01-1.08 
Ther Cond, Btu/hr/sq ft/°F/ft.......... C177... 0.046-0.072 0.024-0.072 0.024-0.072 0.02-0.10 
Coef of Ther Exp, per °F................ D696... 3.8 x 105 3.3-4.4 x 105 3.6-4.7 x 10-5 4.7-9.9 x 10-5 
Refractive Index.......................| D542... 1.58-1.60 - — -~ | 
Tn ere 0.32-0.35 0.30-0.35 0.30-0.35 0.33-0.38 | 
Water Absorption (24 hr), %............ D570 0.1-0.3 0.03-0.07 0.04-0.08 = 
Flammability, ipm..................0.. D635. 0.4-0.7 1-2 1-2 0.06-1.0 E 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi............. D638. 4-6 x 105 4.2-4.6 x 105 3.3-4.5 x 105 2.0-3.5 x 105 
RE re D638. 10-11 3.5-6.8 3.5-6.5 3-4.5 
| D638. 1-3 5.5-7.5 5-35 | 20-100 
Hardness (Rockwell). .................. D785 M78-88 M70-80 M30-55 M30-65 
Impact Str (izod notched), ft-Ib/in.......| D256 0.25-0.50 0.6-1.0 1.0-3.0 4.8-15.0 
My EO FIN, DORs ccc cscs cvccsdundsaces 4-6 x 105 3-5 x 105 3-4.5 x 105 2.5-4 x 105 
Pe ery D790. . 11-17 No failure No failure | No failure 
Compr Yid Str, 1000 psi................ D695. 12-17 7-9 5-8.5 3.5-6.5 
ELECTRICAL PROPERTIES 
acc hviaesesadwene D257.. 10!3-10!7 1016-1017 10!5-106 10'4_10'6 
Dielec Str (short time), v/mil........... D149.. 400-600 >500 >450 | >400 
Dielec Const 
a Neds od a add edaews D150.. 2.7-3.4 2.55 2.45-2.70* 2.55-2.93® 
EE eer rey Pre D150... 2.7-3.1 -- = — 
Dissipation Factor 
= RE eo a D150... 0.001-0.008 0.0004-0.0008 0.0004-0.01 * 0.007-0.1 
ee ree meee D150. . 0.001-0.008 — — _ 
FABRICATING PROPERTIES 
Ee Sr 1.6-2.3 1.6-2.3 1,6-2.3 — 
Compression Molding 
ce ats ask ne vested ehavie 1-5 1-7.5 1-8 1-5 
See Pre 325-450 325-450 325-475 350-475 
Injection Molding | 
sso ines pid sacked ce cbassanend 10-24 10-24 10-24 | 10-24 i 
i. 50055. eps atadaerdoverenes 400-700 300-600 350-600 375-525 ' 
Mold Shrinkage, in./in.. .............../.....28. 0.002-0.008 0.002-0.008 0.002-0.008 0.005-0.009 : 
HEAT RESISTANCE 
REET ME. Fn occscccccvccselessonsce 175-190 140-165 125-165 125-155 
MTT ok vacdsccecovecsaes D648. . 200-220 160-180 155-175 150-165 











CHEMICAL RESISTANCE 


More resistant to at- 
tack by solvents, oils 
and other organic 
liquids than other 
polystyrenes 


Similar to general purpose polystyrene 








USES 


Battery cases, coil 
forms, drafting in- 
struments, sight 
glasses on pressure 
lubricating systems, 





thermostat housings 





Coat hangers, toilet 
seats, toys, novelties, 
containers, packaging 





Refrigerator door 
panels, drawers and 
crispers ; knobs, toys 
and novelties, vacuum 
forming sheets 





Freezer lids, battery 
cases, action toys, 
children’s furniture, 
tote boxes, trays 





aAverage for wide frequency range. 
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PHYSICAL PROPERTIES 


I i hn cbbNbas C46Kd 00s dd60 deen anewnwe D792... 1.47-1.52 1.52 

Ther Cond, Btu/hr/sq ft/°F ft... 0... ccc eee eee | 0.17-0.244 — 
a ce ciiccnkesssesscsscsceacn D696... 1.22-1.50 x 10-5 — 
Transmittance (luminous), %................ 0.0. ccecfeocccces 21.8 0 

Water Absorption (24 hr), %....... 0.0.0... c cece e eee D570... 0.4-0.8 — 
a eee acc en ad hehdesksiaensn¥edees D635... Self-extinguishing Self-extinguishing 





MECHANICAL PROPERTIES 











: Mod of Elast in Tension, psi....................0005. D638... 13-16 x 105 
, I ION, noo 5.00 ccdecckesssaccavaes D638... 5-10 
cc isk besd cara sasacvawl D638... 1.0 a 
SE ee D785... E94-97, M116-120 — 
Impact Strength (Izod notched), ft-Ib/in............... D256... 0.24-0.35 0.26-0.275 
Flexural Strength, 1000 psi...............c cece eee D790... 10-18 10-13 ° 
Compressive Strength, 1000 psi...................0.. D695... 25-38 — * 
ES crear antbndivdasssssescccdatvouvenes 11-12 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cm.............0.0ceeeeeeee D257... 0.5-5 x 10" 5-8 x 10'° 
Dielectric Strength (short time), v/mil................ D149... 300-400 340-370 
Dielectric Constant 
EERE na Pee re pape es 2 D150... 7.0-9.5 7.2-7.3 
EE I Se ee ee D150... 6.4-6.9 6.4-6.5 
Dissipation Factor | 
EN oo isa oth bean akien whekGs ieee dees aber D150... 0.035-0.043 0.042-0.044 
d ES i Sadana ada deleeiakusbeesesacanctes D150... 0.028-0.032 0.027-0.029 
A Loss Factor 
NGL 6524 fo) neta se kabeus bak k<ias ehueueae 0.24-0.38 0.30-0.32 
q ee eee em. 0.18-0.22 0.17-0.19 


‘ i ie ads wh calor sein D495... 80-130 85-110 








FABRICATING PROPERTIES 




















eo ie Eek bie naneieese ds taneceneke 2.4-3.0 2.5 
; Compression Molding 
ES ee Urey 2-8 2-5 
Ns cinecdxcincanvobesbneenddesseveneiceneel 275-350 275-320 
; NOD 5 5 44k buds Cadeesesccueses¥bantibacnet 0.006-0.014 0.007-0.008 
: HEAT RESISTANCE 
EY, LOTS MOPS Ree D648... 266-280 — 
CHEMICAL RESISTANCE High resistance to organic solvents, oils and greases. 
Poor resistance to acids and alkalis, depending on 
concentration 
USES Such housings as radio, | Low cost items. Available 


television, business | only in dark color. Espe- 
machines, food equip- | cially suited for electric 
ment. Toilet seats, house- | switch plates, wiring de- 
hold electrical switches | vices and electrical parts 
and plugs, buttons and | requiring high arc resist- 
cosmetic containers ance 











*ASTM D705-55. 
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Plastics and Rubber 


Polyvinyl Chloride and Copolymers 














Polyvinyl Chioride, Polyvinyl Chioride-Acetate 





| Vinylidene Chioride* 









































































CHEMICAL RESISTANCE 
















USES 

















Type » | 
Nonrigid—General | Nonrigid—Electrical | Rigid—Normal Impact | 
PHYSICAL PROPERTIES ASTM | 
a D792 1.20-1.55 1.16-1.40 1.32-1.44 1.68-1.75 
Ther Cond, Btu/hr/sq ft/°F/ft.......... D325. 0.07-0.10 0.07-0.10 0.07-0.10 0.053 
Coef of Ther Exp, 10-* per °F............ D696. — -- 2.8-3.3 8.78 
ES ee D542 — _ — 1,60-1.63 
Se Ee D570. _ _ — 0.32 
Water Absorption (24 hr), %........... D635. 0.2-1.0 0.40-0.75 0.03-0.40 >0.1 
SE ae Eee Self-extinguishing Self-extinguishing Self-extinguishing Self-extinguishing 
MECHANICAL PROPERTIES | 
Mod of Elast in Tension, 105 psi......... D412 0.004-0.03 0.01-0.03 3.5-4.0> | 0.7-2.0 
Pg a nics scsccs coer dvceds D412.. 1-3.5 2-3.2 5.5-9 | 4-8, 15-40 
fe D638. . 200-450 220-360 5-25 | 15-25, 20-30 
Hardness (Rockwell)................... D785 —_ _ R117-120 | M50-65 
Hardness (Shore)...................08- D676. A50-100 A78-100 D70-85 | >A95 
Impact Str (1zod notched), ft-Ib/in....... D256. Variable Variable 0.25-1.2 2-8, 0.053 
Mod of Elast in Flex, psi................ D790. -- — 3.8-5.4 x 105 — 
I in. 5 ice'sados ste pahedtaueaes 1300-1750 1200-2800 — — 
el aulays D790. — | — 12.5-16 15-17, flexible 
a D695. — | — 11-12 — 
Compr Yid Str, 1000 psi................ D695. . — — 10-11 75-85 
ke nee D1043 -10to 0 -7 to +59 — — 
cn eee See —40 to -4 -49to -—4 — 
ELECTRICAL PROPERTIES 
aa an as a i.0's na cin bi D257.. 1-700 x 10'2 4-300 x 104 10'4- 1016 10'4_10'6 
Dielec Str (short time), v/mil........... D149... = 24-500 725-1400 — 
| Dielec Const (60 cycles)................ D150. . 5.5-9.1 6.0-8.0 2.3-3.7 3-5 
Dissip Factor (60 cycles)................ D150... 0.05-0.15 0.08-0.11 0.020-0.03 0.03-0.15 
Loss Factor (60 cycles)................. D150... — 1.0-1.2 0.030-0.072 — 
FABRICATING PROPERTIES 
an ccc nccdvcee ethane cesta 2.4-2.6 2.4-2.6 2.0-2.4 — 
Compression Molding 
SE Sy, Se 0.5-2 0.5-2 >l 0.5-5 
| ae | |e 285-350 285-350 | 275-400 250-350 
Injection Molding | 
— A ere 7-15 12-20 >20 10-30 
Temperature, F................. aeuads hat 320-350 325-375 | 300-375 300-400 
Mold Shrinkage, in./in.......... yee eee 0.02-0.05 0.02-0.06 0.001-0.004 0.008-0.012 
sss Ve heensdcotenay aos 325-400 350-385 — | < 375 
HEAT RESISTANCE | | 
fe er pene 150-220 | 140-220 150-165 170-212 
Heat Dist Temp, F 
noo, os bas cacdsanivnves D648. . -- | — 170-185 190-210 
EE Sa ene ye D648. . —— | — 140-170 130-150 
sin wanes lhiarwnedriasir _— | -- — 240-280 





Generally resistant to alkalis and weak acids. Moderately to not re- 
sistant to strong acids. Not resistant to ketones and esters; aromatic 
hydrocarbons produce swelling 


Excellent to all acids 
and most common 
alkalis ° 





ing, high speed ex- 
trusion, calendering. 


Vacuum cleaner 


Parts made by mold- 


Blown extruded film. 


parts, handlebar 


Parts made by calen- 
dering, extrusion. 
Insulation and jack- 
eting for: communi- 
cation and low ten- 
sion power wire and 


Parts made by calen- 
dering, laminating, 
molding, extrusion. 
Fume hoods and 
ducts, storage tanks, 
chemical piping, plat- 





cable, building wir- 
ing, appliance and 
machine tool cords, 


ing tanks, phono- 
graph records. Sheets 
and shapes for deco- 
rative panels, other 
building uses 


grips, doll parts, hair 
curlers, safety goggle 
cups, grommets, toy 
tires, garden hose, | and switchboard 
and protective gar- | cable 

ments 











Extrusions: gasket 
rods, valve seats, 
flexible chemical tub- 
ing and pipe, tape 
for wrapping joints, 
chemical conveyor 
belts. Moldings: 
spray-gun handles, 
acid dippers, parts 
for rayon producing 
equipment 









bModulus of elasticity in compression. 


aWhere two values or ranges are given, they represent unoriented and oriented forms, respectively. 


¢Unaffected by aliphatic and aromatic hydrocarbons, alcohols, esters, etc. 
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Polyvinyl Alcohol, Butyral and Formal 






































Material » Polyvinyl Polyvinyl Polyviny! 
Alcohol Butyral Formal 
PHYSICAL PROPERTIES ASTM 
Specific Gravity. . ...| D792... 1.21-1.31 1.07-1.20 1.2-1.4 
Ther Cond, Btu/hr/sq ft/°F /ft.. ..| C177... 0.46 — 0.089 
Coef of Ther Exp, per °F........ Sad icice eee 3.88-6.65 x 10-5 4.4-12.7 x 105 3.55-4.27 x 105 
Refractive Index.. Soe oe 1.49-1.53 1.48-1.49 1.5 
Specific Heat, Btu/Ib/°F. . Tee, er 0.3 0.4 a 
Transmittance (luminous), %. . Pree he & 85-91 80-90 
Water = ” we “a ATS D570. >30 1.0-3.0 0.5-3.0 
Flammability... ee Slow burning Slow burning Slow burning 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi..............| D638.. _ 3.5-4.0 x 105 5-7 x 105 
Tensile Strength, 1000 psi............... D638. . 1-5 4-8.5 9-11 
Elongation (in 2 in.),%..... teetdd iss cae D638. . 300-600 5-60 5-20 
Hardness (Rockwell)................ oes) D785. = L95 M85 
es wk ui winks Pe aae eae 10-100 _— — 
Impact Strength (Izod homed ft- “en ..| D256. ~- 0.74-1.02 0.8-20 
Mod of Elast in Flex, psi.. baa sinus aeeeie ae -- = 5-6 x 106 
Flexural Strength, 1000 psi... Seach elestes D790... — 10 17-18 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cm........... ~~: -» > >10'4 — , 
Dielectric Strength (short time), v/mil.....| D149.. » 400 300-600 - 
Dielectric Constant 
i feuuieloetevensh D150... b 3.61 3.7 
10° Cycles........... ipa noon D150... b 3.33 3.0 
Dissipation Factor 
60 Cycles...... ee ee ampoeneaeenia D150. . b 0.0070 0.010 
EE es ener 1 D150. . b 0.0065 0.023 
FABRICATING PROPERTIES | 
Compression Molding | 
Pressure, 1000 psi........ Saesidn acwdiaae 5-15 1-2 1-10 | 
nos on ng Vist eebedanvalerkaseds 250-300 320-400 275-325 
Injection Molding 
Se seen hiiak widraa naan — 11-15 14-32 
ee oes ac paadun dein vases el ~- 400 325-425 
EE ere ee eee — — | 0.0015-0.0035 
HEAT RESISTANCE 
ess shen kccsweedaleenenes ~ 115 130-165 
I in cc vcbdcvsarevnew¥asen D648. . —- 115-140 155-185 








CHEMICAL RESISTANCE 


Good resistance to organic 
solvents and petroleum. 
Attacked by strong acids. 
Softened or dissolved by 
weak acids and by alkalis 


Resistant to alkalis, aliphatic hydrocarbons, and most 
oils. Attacked by acids, alcohols, esters and ketones. 
Butyral used with wider range of solvents than Formal 





USES 





Adhesives and binders, 
textile sizing, coating and 
sizing for paper, thicken- 
ing agents. Molded: 
chemical and oxygen tub- 
ing, gaskets and dia- 
phragms. Film: airtight 
bags, packaging for 
chemicals 





Plasticized form used as 
interlayer for safety glass. 
Solution uses: adhesive 
primer, metal conditioner, 
cloth waterproofing 





Base for electrical insu- 
lating enamel with high 
heat resistance. Metal 
wire and cable coatings 
requiring high toughness 
and adhesion 





aTransparent to opaque. 


bUnder atmospheric conditions enough water will be absorbed to make most electrical measurements useless. 
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Plastics and Rubber 


Acetal, Polycarbonate and Polypropylene 

























Material »> Acetal Polycarbonate Polypropylene 
PHYSICAL PROPERT.ES ASTM 
Specific Gravity............ ..| D792... 1.425 1.20 0.90-0.91 
Ther Cond, Btu/hr/sq ft/°F/ft.......)........ 0.13 0.11 0.08 
Coef of Ther Exp, per °F..... D696... 4.5x 10° 3.9 x 10-5 6.2 x 10-5 
Specific Heat, Btu/Ib/°F.... soe 0.35 0.46 
Water Absorption (24 hr), %. D570... 0.41 0.3 0.03 
Flammability, ipm...................| D635... 1.1 Self-extinguishing 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi — D638... — 0.33 x 1058 1.55 x 105 
Tensile Strength, 1000 psi...........| D638... 10.0 9.0-10.5 5.0 
Elongation (total), %............... D638... 15 60-100 500-700 
Hardness (Rockwell)... .... ee. | Oe M94, R120 M70, R118 R85-95 
Impact Strength, ft-lb /in. | 
ee | D256... 1.4 12-16 1.02 
Ele ea diay oso sveevees D256... — >60 >17 
Mod of Elast in Flex, psi.............| D790... 4.1 x 105 3.8 x 105 1.7 x 105» 
Flexural Strength, 1000 psi...........| D790... 14.1 11-13 8.1 
Stiffness in Flex, 1000 psi .......{ D790.. -- -- 114-142 
Compressive Strength, 1000 psi | D695... 5.2 ll _ 
Shear Strength, 1000 psi | Oe 9.5 9.2 - 
Yield Strength, 1000 psi....... ..| D638.. _ 8.0-9.0 4.3-4.9 
Elongation (at yield), %.... ..| D638.. 5 10-20 
ELECTRICAL PROPERTIES 
Volume Resistivity, ohm-cm.......... | D257... >4 x 10 2.1 x 1016 > 1016 
Dielectric Strength (short time), v/mil.| D149... 500 400 769-820 
Dielectric Constant | 
Mo... os cscs, | D150... 3.7 3.17 -- 
Te . ae 3.7 2.96 2.0-2.1 
Dissipation Factor 
a D150... 0.004 0.0090 — 
es: le 0.004 0.0100 0.0002-0.0003 
Arc Resistance, sec ....| D495 129 10-11 - 
FABRICATING PROPERTIES 
ee ff — 1.74 2.25 
Injection Molding 
Pressure, 1000 psi..... eee 15-25 15-20 Wide range 
ES ee 380-440 550-600 Wide range a 
rs ee — -- 340-430 j 
Mold Shrinkage, in./in. 0.01-0.04 0.005-0.007 0.015-0.030 
HEAT RESISTANCE | 
Max Rec Svc Temp, F............... Sane 185 - ” 
Heat Dist Temp, F | 
os, svesarvnsvs | D648 338 283-293 221 
NEI. sais) caacas ieee | D648 212 280-290 _ 
Melt Pt (crystalline), F............... brterg:* 347 514 330 











CHEMICAL RESISTANCE 


Excellent res to most organic 
solvents, including aliphatic 
and aromatic hydrocarbons. 
Not rec for use with strong 
acids and alkalis; should be 
tested for use with dilute 
acids and weak alkalis. Af- 
fected by ultra violet light 


Insoluble in aliphatic hydro- 
carbons, ether and alcohols; 
partially soluble in aromatic 
hydrocarbons; soluble in chio- 
rinated hydrocarbons; slowly 
decomp by alkaline sub- 
stances. High stability to 
water and to mineral and 
organic acids 


Res to most acids, alkalis and 
saline solutions, even at 
higher temp; res to organic 
solvents and polar substances. 
Above 175 F, soluble in such 
aromatic substances as tolu- 
ene and xylene, and such 
chlorinated hydrocarbons as 
trichloroethylene 





USES 


Household: dinner plates, 
dishwasher and sewing ma- 
chine parts. Automotive: 
gears, bushings, bearings. 
Also movie projector and 





typewriter parts 





Coil forms, decorative and 
functional appliance parts, 
gears, automotive parts, hous- 
ings, structural parts, elec- 
tronic components, telephone 
accessories 





| Structural shapes, housewares, 


electronic equipment, auto- 
motive parts, rotating parts 
for typewriters and calculat- 
ing machines. Also packag- 
ing (film) 





b Tinius-Olsen. 
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Plastics Films 





| 




















Rigid Poly- | Nonrigid Poly- | | 
Type » vinyl Chioride | vinyl Chioride | Polyvinylidene| PVC-Nitrile 
(incl (incl Chioride | Rubber Polyvinyl 
copolymers) | copolymers) (Saran) Biend Alcohol Polyethylene 
GENERAL PROPERTIES | ASTM | | | 
Method of Production*..........).......... Cast, calndr, | Cast, calndr, | Extr Cast, calndr, | Cast | Calndr, extr 
| extr extr | | extr : 
0 ere er Sheet, rolls, Sheet, rolls, | Rolls, tubes | Sheet, rolls, | Rolls Sheet. rolls, 
tapes tapes, tubes tapes, tubes tapes, tubes 
Ch iabicicimacnatnn cca beatiiwnaun Trp, trl, Trp, trl, Trp, trl, | Trp, trl, Trp, trl Trl, opaque 
Opaque opaque opaque opaque 
NS EPP ETTOORESES eee 0.001 0.0005 | 0.0005 0.001 0.001 0.00075 
I ee Meer er ee 54 104 40 84 54 144 
Area Factor, 
ee errr er ee 19.5-22.5 20-23 16.3 22.8-23.7 21.6 30 
PHYSICAL PROPERTIES 
Specific Gravity................. D792.....} 1.36-1.50 1.15-1.50 1.68 1.18-1.35 1.21-1.31 0.92 
Ten Str, 1000 psi................} D882..... 6.5-8.5 1-5 7-15 1.5-4.0 6-10 1.6-3.0 
ree 6|UlUe 50-500 | 25-40 250-500 400-600 200-800 
Burst Str (Mullen), psie..........| D774..... ~ 9.20 | 30-70 ome 185-235 48 
Tear Str (Elmendorf), gm/mil....| D689.....} 20-150 30-1400 | 30 100-960 500-800 100-300 
Fold Endurancee................ D643..... Poor Good 500,000 « Excellent Good Good 
Heat Seal Temp Range, Ff.......|.......... 260-400 200-400 285 220-350 300-400 250-375 
Water Absorp (24 hr), %.........| D570. Negligible Negligible | Negligible Negligible | >30 Negligible 
Water Vapor Perm, 
gm/100 sq in./24 hre..........| E96-53T..} 0.5 (0.005 in.) | 0.7 (0.005 in.) | 
Gas Perm, cu cm to 2.5 to 8.0 
100 sq in./24 hr § (0.001 in.) (0.001 in.) | 0.20 7.0 > 10 1.20-1.40™ 
Nees 656506.5000600dsdbeanseesoan 3 (0.005 in.) | 
to 15 | 
(0.001 in.) | 50-30™ | 0.56" — - 550" 
ET ORE PT te — — 0.11 — — 180" 
ES ee eae 11 (0.005 in.) 
to 55 | | | 
(0.001 in.) | 250-2000" 2.4™ — - | 2900™ 
CHEMICAL RESISTANCE | | 
a D543 or | 
D1239 Excellent | Excellent | Excellent’ | Good | Poor | Excellent ! 
a, EET Excellent | Excellent | Goodi Good | Poor | Excellent 
eee errr Good | Fair Excellent Excellent | Excellent Fair 
Solvents 
| eres Perret Poor | Poor Fair Poor | Excellent | Good 
ES iit bik n0igko cB nemch ee Fair Fair Fair | Fair | Excellent | Fair 
rey, eee Excellent Good Excellent | Good | Excellent | Fair 
PERMANENCE | | 
a eee eer 200-220 | 150-180 290 200 | — 200 
EE Sener - -70 -50 Good -40 — | -68 
Resistance to Sunlight. ..... evisu teSa Good Good Excellent Fair Excellent | Good! 
Dimensional Change, %..........).......... Nil Nil Nil Nil High | Nil 
IE, oo ca viencaiccshicssavbacs Excellent | Excellent Excellent Excellent Excellent Excellent 
Flammability | 
en Self- Slow to self- | Self- Slow to self- | Slow Slow 
extinguishing| extinguishing} extinguishing| extinguishing 
























































aCast — casting; calndr — calendering; extr — extrusion; 


block = block process. 


‘Trp = transparent; trl = translucent. 


dFigures may vary with resin-plasticizer ratio. 


eProperties particularly dependent on thickness. 


fUnsupported film cannot be sealed on all types of heat sealers, 


8ASTM D643, Method A. 
hExcept sulfuric and nitric. 
iExcept ammonium hydroxide. 
jExcept nitric, fuming sulfuric and chlorosulfonic. 


kAverage warehouse conditions: 40-100 F, dry. 
m0.001-in. film. 


since adhesion to metal sealer and distortion of film may be 


encountered. 


continued 
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Plastics and Rubber 


Plastics Films—continued 


















































Polytri- 
Polytetra- fluoromono- Polyester 
Type » fluoro- chloro- Polystyrene | (polyethylene Rubber Ethyl 
ethylene ethylene (oriented) | terephthalate) | Hydrochloride Cellulose 
GENERAL PROPERTIES ASTM 
Method of Production®...........) ......... Block Extr | Extr Extr Cast Cast, block, 
extr 
SRM «sa ede caalasdaiccacee Sheet, tapes | Sheet, tubes | Sheet, rolls Sheet, rolls Sheet, rolls, | Sheet, rolls, 
tapes tapes 
NE a Sn Aer Trp Trp, trl Trp, trl, Trp, opaque | Trp, trl, Trp 
opaque opaque 
ee ae 0.002 0.002 0.001 0.00025 0.0004 0.003 
ee 12 20 40 55 60 30 
Area Factor, 
ee Seer re 13 12 26.1 20 24 24 
PHYSICAL PROPERTIES 
Specific Gravity................. D792..... 2.15 2.11 1,05-1.07 1.39 1.12-1.15 1.14-1.16 
Ve ae, beee OO................ D882... ..] 2-3 6.3-6.6 7-12 17-28 5-6 6-10 
Elong, %... eee) || aay 200-250 90-200 3-10 70-130" 350-500 20-35 
Burst Str (Mullen), psie.. seasel MMe ss vis 42 30-60 45m — 30-86 
Tear Str (Elmendorf), gm/mil ...| D689..... — 200-350 2-8 18 1000-1500 2-15 
Fold Endurancee...............| D643..... — — — Excellent 104-108 2700 
Heat Seal Range, F RRS See. Not heat 
sealable 415-450 220-300 490 225-350 -- 
Water Absorp (24 hr), %.........| D570..... None None 0.04-0.06 Negligible Negligible Low 
Water Vapor Perm, 
gm/100 sq in./24 hre..........| E96-53T — 0.00 6.2 1.8= 0.5-15.5 10-50 
Gas Perm, cu cm/ 
100 sq in./24 hre 
ME on) ck Ganier vauksceesdcaon — 0.76= 213 5,7™ 2-405 — 
os 5 «oan odelneaeee nan — 5.5 42 0.9= — _ 
ee mr mreeee | ~ 8.0 926 17.5™ 36-2616 — 
CHEMICAL RESISTANCE 
re D543 or 
D1239....] Excellent Excellent Good Excellent Good Poor 
A Se ae Excellent Excellent Excellent Excellent Good Excellent 
GPININOIIID gc. cs cn cvcccsheocecsvcns Excellent Excellent Good Excellent Excellent Good 
Solvents 
ed wa haa Excellent Excellent Poor Excellent Fair Poor 
ee ss bau din wallbd ddudceee Excellent Excellent Good Excellent Fair Poor 
is oy pics as annalseasacee sd Excellent Excellent Good Excellent Excellent Fair 
PERMANENCE 
Max Cont Svc Temp, F...........].......... 565-585 300-395 160-180 490 205 210-275 
a iS -90 -120 Good -80 -20 -15 
Resistance to Sunlight...........).......... Excellent Excellent Fair Fair Fair Good 
Dimensional Change, %..........).......... Nil Nil Nil Nil Slight Slight 
Storage Stability*...............].......... Excellent Excellent Good Excellent Good Excellent 
Flammability 
EE Mr lg Nil Nil Slow Self- Self- Slow 
extinguishing| extinguishing 
aCast = casting; calndr = calendering; extr — extrusion; fUnsupported film cannot be sealed on all types of heat sealers, 
block = block process. since adhesion to metal sealer and distortion of film may be 
¢eTrp = transparent; trl = translucent. encountered. 
4Figures may vary with resin-plasticizer ratio. kAverage warehouse conditions: 40-100 F, dry. 
eProperties particularly dependent on thickness. m0.001-in. film. 
ENGIN EERI NG 
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Plastics Films—conciuded 





















































Cellophane Cellulose 
aiding Triacetate 
(42.5-44% Acetate 
Plain Coated Acetate acetyl) Butyrate™ Nitrate 
GENERAL PROPERTIES ASTM | | 
Method of Production®...........).......... Extr Extr Extr, cast Cast Extr, cast Cast, block 
, | amen Sheet, rolls, Sheet, rolls Sheet, rolls, | Sheet, rolls Sheet, rolls Sheet, rolls 
tapes tapes, tubes 
MT 5 etic biped ans caanaahsceedbdewan es Trp Trp Trp, trl, Trp Trp, opaque | Trp, trl, 
opaque opaque 
CE Ee ere 0.0009 0.0009 0.0005 0.003 0.0009 0.0005 
ee, ae 60 60 60 45 40 50 
Area Factor, 
ee: inn 21.5 19.5 22 21.7 23.3 20 — 
PHYSICAL PROPERTIES ‘ 
| rere D792.....} 1.45 1.40-1.55 1.25-1.35 1.28 1.16-1.18 1.42-1.46 
Ten Str, 1000 psi................ D882.....| 8-19 7-16 9-14 9-1] 6-9 10-11 
Se D882.....} 15-25 15-50 15-35 25-35 50-70 30-40 
Burst Str (Mullen), psie..........| D774..... _ — 30-80 100-150 40-75 40-50 
Tear Str (Elmendorf), gm/mil....| D689..... 2-10 2-15 2-15 10-15 4-16 — 
Fold Endurancee................ D643..... 7000-22,000 — 1500-2000" 200-300" 900-1300" 50-250¢ 
Heat Sealing Range, Ff..........).......... Not heat 
sealable 200-350 400-500 — — _ 
Water Absorp (24 hr), %.........| D570.....] High High Low Low Low Low 
Water Vapor Perm, 
gm/100 sq in./24 hre..........| E96-53T..] High 0.2-1.0 10-40 10 60 — 
Gas Perm, cu cm/ 
100 sq in./24 hre 
ends sa dva dene ioclepeasees — Low 3-6 — — — 
ia ceil ohn kanes crema — Low — — — _ 
ING ioc 4686 nbcedebivcnxexses — Low 12-31 — | -- ~ 
CHEMICAL RESISTANCE 
Strong Acids....... D543 or 
D1239 Poor Poor Poor Poor Poor Good 
Fee. a. ne, Poor Poor Poor Poor Poor Fair 
ae eee Excellent Good! Good Good Fair Fair 
Solvents 
ss ce dienc sph aha eeadée Excellent Poor! Poor Poor Poor Poor 
Es ba sid ohad ehetiek eed ead Excellent Excellent Poor Poor Poor Fair 
a .| Excellent Fair Good Good Good Fair 
PERMANENCE 
Max Cont Svc Temp, F...........].......... 375 300-375 250-300 300-400 200-250 140 
fan ove VOM, F............555. ore 0 0 -25 -25 -25 — 
Resistance to Sunlight........... b asaied all Good Good Good Good Good Poor 
Dimensional Change, %..........).......... 3-5 2-5 0.2-0.8 0.4 0.3 Nil 
aS ined. ss wins Bobs cao. cxewes Good Good Excellent Excellent Excellent Fair 
Flammability 
oi sss e'xndetadserans Fast Fast Slow,70-100% | Self- Slow, 50-80 | Fast 
extinguishing 

















aCast — casting; calndr = calendering; extr — extrusion; 
block = block process. 

bASTM D 568. 

cTrp = transparent; trl = translucent. 

dFigures may vary with resin-plasticizer ratio. 

eProperties particularly dependent on thickness. 






fUnsupported film cannot be sealed on all types of heat sealers, 
since adhesion to metal sealer and distortion of film may be 
encountered. 
sASTM D 643, Method A. 

kAverage warehouse conditions: 40-100 F, dry. 
ICoating attacked. 


nASTM D 643, Method B. 
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Plastics and Rubber 


High Pressure Laminates (General Purpose) 




















CE A AA G-3 
Grade » (canvas-phenolic) (asbestos paper- (asbestos cloth - (glass cloth- 
phenolic) phenolic) phenolic) 
PHYSICAL PROPERTIES 
TY 1,32 1.72 1.70 1.65 
Ther Cond, Btu/sq ft/hr/°F/ft........... 0.17 _ — — 
Max Rec Svc Temp, F 
ee ee 300 400 400 410 
rrr 250 275 275 290 
Coef of Ther Exp, 10-5 per °F 
ETE a ee eee 0.58 0.31 0.58 0.52 
Ns Sere E Ed dik aba sniandace® 0.68 0.49 0.58 0.62 
Water Absorption (24 hr), % 
EE A ee 13 1.3 2.5 1.8 
ns cell shen ks nae eens 0.9 0.8 2.0 1.2 
EE a ane ere 0.5 0.5 1.2 0.7 
MECHANICAL PROPERTIES 
Ten Str, 1000 psi 
ER SUES 2 Ee ll 10 12 23 
EI i RA 9 8 10 20 
Flex Str, 1000 psi 
ESF ee pe OAD 22 20 21 32 
Sd ee i os ek 17 18 19 28 
Compr Str (flatwise), 1000 psi............ 39 40 38 50 
Mod of Elast in Flex, 10° psi 
EE gt re 9 23 16 15 
SI hos sseeccaace aba cs Siena’ 8 14 14 12 
Impact Str (edgewise), ft-Ib/in. 
NG ids sis ssacusiececceuses 1.6 1.0 4.5 7.5 
ERIN ons 8s icdn ed ndncucess 1.4 0.9 40 6.0 
Hardness (Rockwell).................... M105 M1ll M103 M120 
ee eee 2200 800 2000 1000 
ELECTRICAL PROPERTIES 
Dielec Str (perp, short time), v/mil 
TA a 500 225 85 700 
EG ci tvn pas enewasacdsoeews 360 160 70 600 
Dielec Str (par., step by step, % in. thick), kv 
RE. « ae ee 45 10 — 
EE A 5 — — - 
Dissip Factor (10® cycles) 
EEL errr ee 0.055 _ — 0.030 
ee id oo 04 5g 0.070 - — ~ 
Dielec Const (10° cycles, cond A).......... 5.3 ~ -- 6.5 
Insulation Res (cond 35/90), megohms. ... _ — -- 200 
pe a ee 10 10 10 10 
A B B B 


AIEE Insulation Class.................... 





USES 





Switchboard panels, 
circuit breaker and 
switch arms, terminal 
blocks, electrode 
supports for plating 
tanks, bases for 
motors, bobbin heads 
(often in combina- 
tion with XX) 





Mechanical parts in 
drying ovens, tenter 


rails 





Rotor vanes, water 
pumping thrust 
washers, armature 
slot wedges, caustic 
resistant applica- 
tions, electric appli- 
ance insulation 





Armature slot 
wedges, structural 
parts requiring good 
electrical properties, 
electrical equipment 
operating at rela- 
tively high tempera- 
tures 
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High Pressure Laminates (General Purpose) —concluded 









































G-5 G-10 GPO-1 Commercial 
Grade » (glass cloth- (glass cloth- (glass mat- and 
melamine) epoxy) polyester) Trunk Fibre 

PHYSICAL PROPERTIES | 

OMIT, MAF GIR. og. cc ccc ccc csccce: 1.9 1.78 | 1.5-1.9 1.15 

Ther Cond, Btu/sq ft/hr/°F/ft............ 0.29 — — 

Max Rec Svc Temp. F 
Short Time 425 350 | 350 | 
cs ieadisvkkadis sea veewess 300 250 | 250 
Coef of Ther Exp, 10-5 per °F | 
CE CARS Re 0.31 ~ | 1 
POPP rere wikeavwel 0.34 ~ — 

Water Absorption (24 hr), % 

Vig In. Thick......... euséussvacakeae 1.0 0.09 | 1.0 66 
DG cada sibcacevsereicnnl 0.6 0.06 | 0.70 61 
ET 1 J ash seenetiavckseswad 0.4 0.03 0.35 36 

MECHANICAL PROPERTIES | ‘ 

Ten Str, 1000 psi 

ast 085s wh andiss's Keaasies 37 ~ | 12 7.5 

ah tes aka i 30 me | 10 5.5 
Flex Str, 1000 psi 

Lengthwise.............. spacnewueeen 65 72 | 23 14 

8 EE ee 50 63 20 12 
Compr Str (flatwise), 1000 psi............ 70 — 40 20 
Mod of Elast in Flex, 105 psi | 

REE ere 17 ~- 15 

Crosswise..... 9 ot Ree 15 _ 13 
Impact Str (edgewise), ft-Ib/in. | 

SS ee ES ES 12.0 14.4 12 35 

Crosswise......... eh dar ake 9.0 10.6 10 2.9 
Hardness (Rockwell).................... M120 — M100 R50 
Bond Strength, psi 1700 2500 1000 1000 

ELECTRICAL PROPERTIES 

Dielec Str (perp, short time), v/mil 

Yig In. Thick 350 810 650 175 

er 260 570 500 150 
Dielec Str (par., step by step, ¥% in. thick), kv 

a eh Kec santas spmencind 32 55 60 

NS in vc nae kek nbwake 12 60 33 
Dissip Factor (10® cycles) 

Es oie ka sas dedaeceeanead’l 0.016 0.0119 0.03 0.024 

Cond 024/24... pace ea ie 0.030 0.0126 0.06 0.030 
Dielec Const (108 cycles, cond A).......... 6.8 48 4.3 _ 
Insulation Res (cond C96/35/90), megohms 100 1 x 10° — es 
Arc Resistance, sec..... pegdesetahontkan! 200 17 100 100 
AIEE Insulation Class..................4. B B B -- 

USES Switchboard panels, | Printed circuits; | Panel boards, slot | Washers, terminal 
arc barriers and cir- | other applications | wedges, spacers, coil | block covers, insu- 
cuit breaker parts, | where high insulation | blocking, layer insu- | lating plates and 
armature and slot | resistance and di- | lation, core corner | switch covers, arch 
wedges, structural | mensional stability, | protectors, terminal | supporters, bobbin 
parts, electrical ap- | are required. plates, structural ap- | and coil spool heads, 
plications requiring plications arc barriers, shoe 
high strength and arc fiber, switch and 
resistance, high tem- appliance insulation, 
perature applications knee pads, golf club 

head plates, deep 
formed parts, trunks, 
cases, wastebaskets, 
mill boxes 
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Plastics and Rubber 


High Pressure Laminates (Mechanical) 













































































Grade » X | P | PC | ES 1, 2,3 
(kraft paper- (paper-plasticized | (paper-phenolic) | (paper base)* 
phenolic) phenolic) | 
PHYSICAL PROPERTIES | | 
Density, gm/cucm..................... 1.35 | 1.33 1.34 | 
Ther Cond, Btu/hi/sq ft/°F/ft........... 0.17 0.17 0.17 
Max Rec Svc Temp, F | 
ER Oe 275 | 275 | 250 
OS 225 | 250 200 
Coef of Ther Exp, 10-5 per °F | 
EE i ica 0.61 | 0.43 a 
eee ek sas acne h 0.77 | 0.68 _ 
Water Absorption (24 hr), % 
ee oe leases 4.0 2.2 3.2 2.5 
ES egies ae ee 2.3 1.5 2.0 1.8 
NS Ris aaa oa eens eek 0.9 | — — 
MECHANICAL PROPERTIES | 
Ten Str, 1000 psi 
ee 20 | 12 10.5 12-15 
iid 5 3 sre avin 16 9 8.5 8-12 
Flex Str, 1000 psi 
th ai OS ad i404 28 15 14 15 
ED oie nie emcees ss Fate 23 13 1] 15 
Compr Str (flatwise), 1000 psi......... 36 25 22 — 
Mod of Elast in Flex, 105 psi | 
Es cbt htahd dn as se0s0s's 18 12 10 - 
EE Ss 13 9 8 — 
Impact Str (edgewise), ft-lb /in. 
Lengthwise................ 0.9 0.8 0.9 0.25 
a 0.7 0.6 0.8 0.22 
Hardness (Rockwell)... .. M110 M95 M75 M118 
Bond Strength, psi.......... aoe ah epee 900 _ - as 
ELECTRICAL PROPERTIES | 
Dielec Str (perp, short time), v/mil | 
8 ae 700 650 600 | — 
ic dkceciéansiied eased aes 500 470 425 — 
Dielec Str (par., step by step, % in. thick), kv | | 
ET cak caphibens os =, — 50 — — 
Cond D48/50............. 10 . | —_ 
Dissip Factor (108 cycles) | | 
a aces - _ _ | _ 
er eee . | - | “ | a 
Dielec Const (108 cycles, cond A)...... - | o- _ 
Insulation Res (cond (96/35/90), megohms — | — | _— — 
ANG TRBITEOMOD, SOG. oo. ccnccccccsccccees 10 — — — 
AIEE Insulation Class............. A | A A A 
USES Structural parts for | Insulating washers, | Motor and generator | Engraved name- 
radio, aircraft and | terminalboards, plug | terminal boards, in- | plates, signs 
electrical equipment | and socket bases, | sulating washers, ter- 
and switchgear. Ter- | switch bases and | minal strips, switch 
minal boards or | panelsforsubassem- | bases and panels, 
panels, insulating | blies staked terminal 
washers, bushings, boards and strips 
coil forms, brush- 
holder bushings | 








has phenolic core, melamine base. 






aES-1 is melamine laminate; ES-2 is phenolic laminate; ES-3 
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High Pressure Laminates (Mechanical) —concluded 























Grade » C L MC 
(cotton canvas- (cotton linen— (cotton fabric Bone Fibre 
phenolic) phenolic) melamine) 
PHYSICAL PROPERTIES 
NN i dicnsdseesessccisse: 1.35 1.34 1.5 1.3 
Ther Cond, Btu/hr/sq ft/°F /ft........... 0.17 0.17 0.17 0.17 
Max Rec Svc Temp, F 
ST eee 275 275 275 — 
sb Rings 55405 9.05044< 00 225 225 225 221 
Coef of Ther Exp, 10° per °F 
iis cee btnedtincnisaseated 0.58 0.43 — — 
EEE eee 0.68 0.58 — —_ 
Water Absorption (24 hr), % 
Re 44 2.0 2.2 55 
is eta eney ek ails 2.5 1.4 1.6 48 
SM Ls i akcccesensaceseetees ' 1.2 0.8 1.0 25 
MECHANICAL PROPERTIES 
Ten Str, 1000 psi 
is Ri aa de gn pines ll 14 ll 8 
err era 9 10 7 6 
Flex Str, 1000 psi 
6 oS ii soa vie ov hinds 22 23 23 15 
Ee ae ee 18 18 18 13 
Compr Str (flatwise), 1000 psi............ 37 35 45 30 
Mod of Elast in Flex, 10° psi 
RO RR I 10 11 — 12 
en ee 9 8 _— 8 
Impact Str mee ft- _ 
Lengthwise. . ee ee 23 1.3 0.9 3.0 
EE ee ee 2.2 1.2 0.9 2.4 
Hardness (Rockwell).................... M103 M105 M115 R80 
Bond Strength, psi...................... 2000 1700 1900 moa 
ELECTRICAL PROPERTIES 
Dielec Str (perp, short time), v/mil 
casi he ads cekeerscxees 500 500 — 175 
EE aoc a icing bes cx dndadn eae’ 360 360 — 150 
Dielec Str (par., step by step, % In. thick) kv 
a a nea ae ae 15 15 — — 
REO Py ee — —_ nee —_ 
Dissip Factor ” — 
Cond A.. Oe es. — 0.055 — _ 
Cond 024/23. a ar os cag nll _ 0.070 o “a 
Dielec Const (10° cycles, cond A)........ 6.0 5.8 — — 
Insulation Res (cond C96/35/90), megohms _ — _ -- 
ns ok 6 idb 23s ensevccnens 10 10 100 100 
AIEE Insulation Class.................... A A — — 
USES Gears and pinions, | Small gears and | Plating barrel appli- | Gears, cams, fair- 
cams, pulleys, bobbin | pinions, partsrequir- | cations; others re- | leads, bushings, 
heads, chemical pip- | ing intricate machin- | quiring good resis- | grommets, switch 








ing and fittings, 
bearings 


ing, breaker arms, 
fairleads and knobs 








tance to caustics 





handles, terminal 
blocks, armature slot 
wedges, threaded 
and tapped pieces 
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Plastics and Rubber 


High Pressure Laminates (Electrical) 





| 
| 
| 














XX XXP XXX XXXP LE 
Grade » (paper-phenolic) | (paper-phenolic) | (paper-phenolic) | (paper- plasticized | (cotton linen- 
| | | phenolic) | phenolic) 
PHYSICAL PROPERTIES | 
Density, gm/cucm........... 1.34 1.32 1.32 1.32 1.32 
Ther Cond, Btu/hr/sq ft/°F /ft 0.17 0.17 0.17 0.17 0.17 
Max Rec Svc Temp, F 
ES Sa a 300 275 300 275 300 
Continuous. . fr 250 250 250 250 | 250 
Coef of Ther Exp, 10-5 per oF 
RE EE ee 0.41 0.58 0.41 0.58 0.58 
has i 5 x's 0s 0.74 0.92 0.71 0.92 0.80 
Water Absorption (24 hn, % | 
Na rere 1.3 1.3 | 0.8 0.40 1.3 
Y% In. Thick......... 0.9 0.9 0.5 _ 0.8 
JS ” SERPs 0.5 — | 0.3 | 0.5 
MECHANICAL PROPERTIES | | 
i Ten Str, 1000 psi | 
; Er 16 ll | 15 12 13.5 
Crosswise............. ate 13 8.5 | 12 9.5 9.5 
Flex Str, 1000 psi | 
MII, . oo sindesesssccayee 18 18 | 18 21 | 18 
hss cnlechwhvsss ts 14 | 14 14 15 | 15 
Compr Str (flatwise), 1000 psi... 34 | 25 32 25 | 37 
Mod of Elast in Flex, 10° psi 
UII 5 6 osc cecscesscccs 14 9 13 ll 10 
ES ae 11 7 10 8 8 
Impact Str (edgewise), ft-Ib/in. 
a cn dda sede e es 0.55 0.55 0.5 0.6 1.3 
NS Ais abide doors ss asepe 0.50 | 0.50 0.45 0.5 1.2 
Hardness (Rockwell)............ M105 M100 M110 M112 M105 
Bond Strength, psi.............. 1100 | — | 1200 -- | 1800 
ELECTRICAL PROPERTIES | | | 
Dielec Str (perp, short time), v/mil 
PRUE vb cdedsccsseeas 700 700 650 650 500 
| Pee 500 500 470 470 360 
Dielec Str (par., step by step, % 
in. thick), kv 
GL Sd 6 6d444 00004000. 50 65 65 65 50 
TE re 10 15 15 33 6 
Dissip Factor (10° cycles) 
Es ackisvisetes esas 0.040 0.037 0.034 0.030 0.048 
IDs 5 hoa s cwawadees 0.046 | 0.045 0.038 0.035 0.058 
Dielec Const (10° cycles, cond A). . 5.3 45 47 4.27 5.3 
Insulation Res (cond C96/35/90), | 
ES ae 60 500 1000 20,000 30 
Arc Resistance, sec.............. 10 10 10 10 10 
AIEE Insulation Class............ A A 4 A A 





USES 





Panels for switch- 
boards and instru- 
ments, switch and 
circuit breaker arms, 
terminal blocks for 
motors and trans- 
formers, coil forms 
for radio and tele- 
vision, brush holder 
bushings, bobbin 
heads and spools 





| 


Condenser stator 
brackets, wave 
change switch 
rotors and stators, 
plug and socket 
bases, terminal 
boards and sub- 
panels, insulating 
washers 





Panels for radio and 
television equipment; 
jack spacers, radio 
coil forms, high volt- 
age switchgear 





Condenser stator 
brackets, wavechange 
switch rotors and 
stators, terminal 
boards and sub- 
panels, coil support 
bases 








Terminal blocks and 
strips, panels, high 
humidity applications 
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High Pressure Laminates (Electrical) —concluded 


























G-2 G-6 G-7 N-1 Electrical 
Grade » (glass cloth- (glass cloth- (glass cloth- (nylon fabric- Insulation 
phenolic) silicone) silicone) phenolic) Fibre 
PHYSICAL PROPERTIES | | 
Density, gm/cucm............. _ | 1.68 1.15 1.15 
Ther Cond, Btu/hr/sq ft/°F /ft 0.17 a — 
Max Rec Svc Temp, F 
I - 410 500 500 200 — 
a oe 290 400 400 165 ~ 
Coef of Ther iia 10-5 per °F 
Lengthwise. . hives — 0.31 — — — 
ed ei aad as — | 0.31 ~— — — 
Water Absorption (24 hr), % 
|. fe 1.50 0.3 0.3 0.3 66 
Y% In. Thick... .. 0.95 | 0.25 0.20 0.2 61 
3 are 0.55 0.15 0.15 0.1 36 
MECHANICAL PROPERTIES 
Ten Str, 1000 psi 
Lengthwise........ 16 | 13 23 8.9 7.5 
Crosswise......... | ll | 10 18 8 5.5 
Flex Str, 1000 psi 
Lengthwise............ 30 | 23 44 18 _ 
Crosswise....... 20 | 19 37 15 — 
Compr Str (flatwise), 1000 psi. 38 | 40 | 45 sei 32 
Mod of Elast in Flex, 105 psi | 
Lengthwise. . id 13 14 6 ~ 
le cies ia 10 — 12 9 _ 
Impact Str (edgewise), ft-ib/in. 
F Lengthwise...... 6.6 15.1 12.1 3.] 
Crosswise. . 4.7 | 9.5 9.6 3.3 ‘ 
Hardness (Rockwell. M110 | M95 M100 M105 <s 
i Bond Strength, psi. 1400 | 1000 | 800 1200 - 
ELECTRICAL PROPERTIES 
Dielec Str (perp, short time), v/mil 
Yg In. Thick. . 500 250 400 600 175 
Ye In. Thick. . di 425 185 350 450 175 
Dielec Str (par., step by step, VY, 
in. thick), kv 
I igi ok ena vawadas 30 50 99 62 _ 
| 10 45 30 55 nar 
Dissip Factor (10® cycles) 
I ee 0.025 0.0022 0.0015 0.024 _ 
| re Sars 0.080 0.0227 0.0150 0.030 ae 
Dielec Const (108 cycles, cond A). . 5.5 4.18 3.9 3.3 — 
Insulation Res (cond C96/35/90), 
SSL si Seebecevests 5000 4000 2500 5 x 104 - 
Arc Resistance, sec.............. — 220 220 on 100 
AIEE Insulation Class............ B H | H A A 








USES 





Class B insulation; 
other applications 
where good temp- 
erature resistance is 
required but mechan- 
ical properties are 
not critical 





Insulation applica- 


tions where high 
temperature resist- 
ance, arc resistance 
and low losses are 
needed, such as 
Class H transformers 





Radio transmitter 
parts ; Class H trans- 
formers; low loss, 
high frequency radio 
and radar insula- 
tors; motor slot 





High voltage appli- 
cations; radio 
wave change switch 
stators and rotors, 
where low losses are 
critical; electrical 


wedges; slot liners; | insulating parts that 


top sticks 


| must be postformed 





Armature slot insula- 
tion, armature end 
larainations; field coil 
insulation, metal box 
liners, washers, arc 
shields, formed slot 
wedges, gaskets, 
specialties 
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Plastics and Rubber 





























mission belts and conveyor belts; gas- 
kets; mountings; hose; chemical tank | 
linings; printing press platens; sound | 





phragms, self- 
sealing fuel tanks, 
aircraft hose, gas- 


or shock absorption; seals against air, | kets, gasoline and 
moisture, sound and dirt 


oil hose, cables, 
_ machinery mount- 
| ings, printing rolls 





tubes and hoses, 
petroleum and 
chemical tank lin- 
ings; electrical 
insulation in con- 
tact with oil, flash- 
light cases, elec- 
trical sockets, 
special truck tires 





Rubber 
Natural Butadiene- Butadiene- | Chioroprene Butyl 
Type » Rubber Styrene | Acrylonitrile (neoprene) (isobutylene- 
(GR-S) | (nitrile) | | isoprene) 
PHYSICAL PROPERTIES 
Specific Gravity . . 0.93 0.94 1.00 1.25 0.90 
Ther Cond, Btu/ hr/sq ft/°F, ft. oe 0.082 0.143 0.143 0.112 0.053 
Coef of Ther Exp re, 10-5 per °F... 37 37 39 34 32 
Electrical Insulation. . Good Good Poor Fair Good 
Flame Resistance... i Poor Poor Poor Good Poor 
Min Rec Svc Temp. F................ -60 -60 0 40 0 
fe meee OUG VOWD, F.... 2.55... ces 180 180 250 240 210 
MECHANICAL PROPERTIES 
Ten Str, psi 
I eth ei ieihvand elk deew ak 2500-3500 200-300 500-900 | 3000-4000 2500-3000 
Black........ 3500-4500 2500-3500 3000-4500 | 3000-4000 2500-3000 
Elongation, + 
Pure Gum. . 750-850 400-600 450-700 | 800-900 750-950 
Black. . 550-650 500-600 450-650 500-600 650-850 
Hardness (durometer)... A30-A90 A40-A90 A40-A95 | A40-A95 A40-A75 
Rebound | 
NG Bie dois it wkiven eu cess Excellent | Good Good | Very good | Bad 
SSE Sines 8 are Excellent | Good | Good Very good Very good 
BSE ee Excellent Fair Good Fairto good | Good 
Abrasion Resistance.................. Excellent | Good to excellent | Good Good Fair 
CHEMICAL RESISTANCE | | 
Sunlight Aging............ iPvaaknadhe Poor Poor Poor Very good Very good 
ae ee are Good | Good Good Excellent Very good 
ES ee ee Good Very good Excellent Excellent Excellent 
Solvents | | 
Aliphatic Hydrocarbons............. Poor Poor | Excellent Good Poor 
Aromatic Hydrocarbons.......... mee Poor Poor Good Fair Poor 
Oxygenated, Alcohols............... Good Good Poor Poor Good 
AS Sas Poor | Poor Excellent Good Poor 
Animal, Vegetable Oils............... Poorto good | Poortogood | Excellent Good Excellent 
Acids | 
i aes eohirk suns Maka a> 6 Fair to good | Fair to good Good Excellent Excellent 
ee os i cvs be tiicnses. Fairto good | Fair to good | Good Good Excellent 
Permeability to Gases................. Fair | Fair Fair Low Very low 
Water Swell Resistance .............. Fair | Excellent | Excellent Fair Excellent 
USES Pneumatic tires and tubes; power trans- | Carburetor dia- | Flexible petroleum | Truckandautomo- 


bile tire inner 
tubes, airing bags 
for tire vulcaniza- 
tion and molding, 
steam hose and 
diaphragms, flex- 
ible electrical 
insulation 
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Rubber—concluded 



































| 
Type » Polysulfide Silicone Urethane | Fluorinated Acrylic 
(Thiokol) (polysiloxane) (diisocyanate | (dihydroperfluoro- 
polyester) | butylacrylate) 
PHYSICAL PROPERTIES 
Specific Gravity............c.ecceceeeeee. 1.35 1.25 1.25 | 15 
Ther Cond, Btu/hr/sq ft/°F/ft............ 67 _ | — 
Coef of Ther Exp (cubical), 10-5 per °F..... — 67 — — 
PIII, sic ceases avs seueses Fair Good Good Good 
ee ne rr ae Poor Fair Good Good 
ee — 60 -120 ~ 65 0 
Max Rec Svc Temp, F............. biel 250 550 240 450 
MECHANICAL PROPERTIES 
Ten Str, psi 
NS «5.4 'ch: cs a oeern tks he > 1000 600-1000 >5000 1200 , 
Eee ome om a iis 
Elongation, % 
| ae 450-650 60-400 540-750 300 
igi a es cain v's aah — — — 300 
Hardness (durometer)................ A40-A85 A40-A85 A35-A100 A55 
Rebound 
os rate win ade Good Excellent Bad —_ 
NE es ee Good Excellent Good — 
Tear Resistance........ Ry gd Leh Poor Poor Good Poor 
Abrasion Resistance............. Poor Poor Excellent | Poor 
CHEMICAL RESISTANCE | 
Sunlight Aging......... Very good Excellent | Excellent* Good 
Oxidation.......... ar Very good Very good Very good Good 
re Fair Outstanding | Excellent Good 
Solvents | 
Aliphatic Hydrocarbons. Excellent Poor | Excellent Excellent 
Aromatic Hydrocarbons. Excellent Poor Excellent Excellent 
Oxygenated, Alcohols..... . Very good Fair Poor Good 
Se Excellent Fair Excellent | Excellent 
Animal, Vegetable Oils.......... Excellent Excellent Excellent Excellent 
Acids | 
Re Me se easing hin wahes Oe Good Excellent Fair Excellent¢ 
ae err ee Good Fair Poor Excellent 
Permeability to Gases.............. Extremely low Fair Excellent Fair 
Water Swell Resistance......... ... .... Excellent Excellent Excellent Poor 


USES 





Seals, gaskets, dia- 
phragms, valve seat 
disks, flexible mount- 
ings, hose in contact 
with solvents, bal- 
loons, boats, life 
vests and rafts 








Wire and cable cov- 
ering, gaskets, tub- 
ing, diaphragms, 
vibration mountings, 
rollers, insulators, 
valve seats and clo- 
sures 





Fork lift truck | 
wheels, airplane tail | 
wheels, back-up | 
wheels for turbine | 
blade grinders, spin- 
ning cots for glass 
fiber, hydraulic accu- | 
mulators, shoe heels | 














O-rings; V-rings; 
diaphragms; special 
applications involv- 
ing contact with 
halogenated sol- 
vents, organic phos- 
phates and carbon 
tetrachloride 





aDiscolors, but no change in properties. 
bFor up to 80% aromatics. 





cTo diesters, 450 F. 
4To fire resistant hydraulic fluids, 450 F. 
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Plastics and Rubber 


Hard Rubber 







































































Molded Parts* 
Type »> > — —— — eT Ce 
GP GP cp | GP Hut | Har {ArHtwr,| HHt, | HtMa 
| H DO Ch 
PHYSICAL PROPERTIES» | 
Specific Gravity ii acer: 1.21 121 | 1.28 1.54 1.65 | 1.95 a: i ae 1.80 
Water Absorption (24 hr), 7 anion ian 0.06 | O14 | 0.30 0.06 0.06 0.10 0.12 0.04 
FE eer eee ree Black Black | Black | Black | Red-brown| Red- ee Red-brown| Black Black 
MECHANICAL PROPERTIES | 
SY 8.3 7.9 4.5 | 2 | 6.75 4 5.8 7.17 5.4 
ee 4.00 4.00 3.40 | 2.00 2.60 1.00 2.60 2.70 1.80 
Hardness (Rockwell). . B108-76 | B107-91 | B129-79 | B103-27 | B83-60 | B65-41 B82-55 | Bll5-85 | B82-54 
Hardness (durometer). . 81-87 81-87 78-84 | 76-82 85-92 87-95 86-92 | 84-90 84-92 
Impact Str (Izod notched), ft- Ib/i in. 0.48 0.45 0.45 | 0.27 0.35 0.32 0.38 | 0.41 0.34 
| are 12.5 11.3 nm | £2 87 0 | 8.4 9.1 11.3 10 
ke 142 145 134 | Low 283 | 300 246 275 295 
ELECTRICAL PROPERTIES 
Dielec Str (60 cycles), v/mil........ 435 496 344 377 393 600 | 371 400 420 
EE 3.00 2.95 3.80 4.95 4.10 | 4.80 460 | 3.50 4.10 
Dissip Factor®........ 0... cece ee. 0.8 07 12 | 28 io 1) ae oe 16 | 18 
Surface Res (74 F, 86% RH), megohms} 4.8 x 105 >108 >10® | 5.08 x 105 | 5.32 x 105 | - 4.46 x 104| 2.0 x 108 | 8.02 x 10 
Sheets* Rods and Tubes* 
Type »> aati i'n aa ome ay Vago saree 
= | &: i Oe HHt | StFl, | GP | EI | H Ht, | St Fl, 
| } ch | | | | ch | HQ 
PHYSICAL PROPERTIES» | | | | | | | 
Specific Gravity 1.20 117) | s1.43 m_m | i 1.21 1.15 124 | = 1.27 
Water Absorption (24 hr), 9 % 0.06 0.22 | 0.15 0.12 0.08 0.06 | 0.12 0.12 0.07 
Oe errr er re Black Black | Black | Black Yellow- Black | Black Black | Yellow- 
| | brown | brown 
MECHANICAL PROPERTIES | | | | | 
Ten Str, 1000 psi............cceee. 9,3 255 | 74 | 7A? | 7.45 97 | 36 | 717 65 
Elong (in 2 in.), %................ 5.00 33.00 120 | 270 | 5.30 5.00 | 16.00 2.70 | 3.80 
Hardness (Rockwell).......... ee.) 112-79 -- 86-60 | 115-85 112-80 107-70 | — | 115-85 112-80 
Hardness (durometer)... | 80-86 50-60 86-92 | 84-90 80-86 80-86 | 65-75 84-90 80-86 
Impact Str (Izod notched), ft-lb/in...| 0.48 0.51 0.53 | 0.41 0.50 048 | 048 | O41 0.52 
it 7) | ne 16.6 — 9.64 | 113 14.95 11375 | — | 13 9.06 
Heat Dist Temp, F................. 159 Low mm | 150 163 | Low | 2% 217 
ELECTRICAL PROPERTIES 
Dielec Str (60 cycles), v/mil........ 487 437 613 400 415 524 512 400 374 
Les cca nes ssi ccs es 2.95 3.00 3.25 3.50 3.70 2.90 3.15 3.50 3.60 
RE Pee 0.5 1.3 0.6 1.6 0.6 0.5 1.4 1.6 0.9 
Surface Res (74 F, 86% RH), megohms | 2.23 x 10’ | 2.66x 104; > 10% | 20x 10° |7.98x104| > 108 > 10% | 2.0x 10 | 6.73 x 10* 





























aGP = general purpose, H = high, HT = heat resistance, Ar = are resistance, Wr = wear resistance, DQ = dielectric quality, Ch = 
chemical resiatance, MA = low moisture absorption, El] = elongation, St = strength, Fl = flow resistance. These designations are 
arbitrary abbreviations of principal properties and are not standard. 


bHard rubber in general has a thermal coefficient of linear expansion of 0.00004 per °F. 


cFrequency: 1 ke-l me 
dSemihard. 
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Flexible Foams 





LATEX 

0 6.0-7.0 
Ther Cond, Btu/hr/sq ft/°F /ft.... .0.021-0.025 
Tensile Strength, psi..................10-20 
Max Rec Svc Temp, F................... 160 
0 Burns 
Tear Strength, Ib/in.... Sviceseewau 
ea sank ia ak canes cows 64 
IES DS bay cet y ee oe as 2.5 
Ee 380 
Compression Loss, % 

ae 

iis 6 sso. 0n ve ceed eens 15.0 
Compression Set, % 

he a 4.6 

cae ealean 4.1 
Hysteresis Loss, %..................... 23.2 
RMA Compression, Ib.................. 30.0 





POLYETHYLENE (CELLULAR)* 





el sic cel veewte naa xh 670 
sin daca tevewdadackes 310 
es a ionccceccecvavcesin 0.47 
Dielectric Strength, v/mil 

Nas cadndseabcesscendacee 220 

EE ee we >, 190 
Dissipation Factor 

ET cn Schkwoedeaendwe 0.00033 

a sss u's alanine 0.00038 
Dielectric Constant 

Ns ries ccna x thas keen 1.48 

ER Peer rere 1.49 





aWire insulation for No. 14 AWG (0.250- 
in. o. d.). Wire insulation is the primary 
use of cellular polyethylene at present. 


VINYL (OPEN CELL) 





NEE, cik ccs vedesvcsoded 4 and up 
Heat Sealability................... Excellent 
Tensile Strength, psi................ 10-200 
ry ee 75-300 
Flammability.............. Self-extinguishing 
Indentation Load 
Deflection (25% def) 
Original, Ib/50 sqin................. 3-500 
After Aging, % chg*................. +20 
Compression Set (max, 2 
i vicdeawaus 15 
Set after Dynamic Flexing 
(max, 250,000 cycles), %............... 10 
Chemical Resistance 
css ocescshedtcetioecs E 
ins sacnne Bbkkns ioeeee E 
NS. eb cua du) debted soeede G 
Organic Solvents.................... PtoE 
as caandessretthassdeeces E 
scenes caastabassseee E 
ideas shes cocbsnsvecsvenses G 





*Air oven aging 22 hr, 212 F. 
>*E = excellent; G = good; P = poor. 


SYNTHETIC RUBBERS 









































Butadiene- | Butadiene- 
Type »> Neoprene Styrene (GR-S) Acrylonitrile 
Density, Ib/cu ft.................. 10-30 45 | 10-25 
Ther Cond, Btu/hr/sq ft/°F/ft...... 0.021-0.029 0.018 | 0,021-0.025 
Tensile Strength, psi.............. 20-100 80 | 40 
Max Rec Svc Temp, F.............. 180 160 210 
URETHANES 
Density" » 1 2-4 6-8 10-12 16-20 
Yid Str (0.2% offset), psi eeeed = 2.5 4-20 50-75 200 aad 
Compr Str (50% defl), psi.... 5 9-48 78-150 | 200-380 es 
Coef of Ther Exp ( —22 to 86 F) 
ie SS re — 1.4 — — 5 
Ther Insulation Coef (K)...... 0.20 0.20-0.21 | 0.22-0.23 0.26 0.28-0.30 
Water Absorption, Ib/cu ft 
BPO BO oc ssc scsccccss 28 22.8-24 — —_ 2-4 
120 Hr at 50% RH......... 0.005  |0.006-0.027 — — 0.067-0.084 
120 Hr at 98% RH......... 0.38 0.38-0.39 — — 0.359-0.560 
Dielec Const (1000 cycles)....) — 2.2-2.3 — 2.5 2.70-2.85 
Vol Res, 10% ohm-cm......... — 6.8-6.9 — 7.2 7.7-8.3 
Sound Absorption Coef 
| — 0.73 0.20 0.22 — 
a — 0.33 0.22 0.21 — 
ER — 0.37 0.20 0.31 — 
Bond Str, psi 
IL K6ssc0ccdsseres 6 10-27 — 56 158 
Sete ssecevvescvewwes 5 9-25 — 50 142 
Ee err ee 7 12-29 62 146 
Dip chensdceavcecaces 8 17-29 62 170 
Flame Res » 
IN di dian sign nda cies deenbedessceenane ee 
nk dan nencahhcsnhieanececeenana Self-extinguishing................++. 
ress bn enedad cia eneeeeee ee eer Te 
Heat Dist Temp (5 psi flex, 
Lt RS a eee ee err re SE Saree pero canes 


|” Seer 





Swell slightly in many chemical solutions. Attacked by strong 
acids and alkalis 





aDensity in lb per cu ft. 
bFederal Bldg Spec SSA118A. 
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Plastics and Rubber 


Foamed-in-Place Foams 


EPOXIES, PHENOLICS AND URETHANES 


























































































































Epoxy Phenolic Urethane 
Type and Density* » — 

25-28 39 2-5 7-10 0.5-5 6-9 12-15 18-25 
A Peer ET TE Tere rer 1000 — 9-31 45-130 5-30 150-225 350-600 | 800-1200 
i cn sah osdsaansanaed 900 — 4-35 35-75 10-50 150-250 305-400 | 450-1000 
iad bE dewa thas ad0edeeen — 4200 24-40 75-230 — ~- — 
a Ci kn ee pan 0 4's cee — — 8-30 40-135 2-50 50-120 180-250 >250 
Ther Cond, Btu/hr/sq ft/°F/ft........... — 0.067 0.020 0.023 0.02-0.03 | 0.02-0.03 | 0.02-0.03 | 0.02-0.03 
Coef of Ther Exp, 10-5, per °F............ 4.0 1.05 — — 1.5 2.9 44 — 
Mod of Elast in Tension, psi............. 60,000 — _— — — ~- _ — 
re — 0.1 — — — 1.6 0.6 0.2 
Water Abs (wt), % 

100% RH............ ewatacsisret ia — — 13-51 10-51 ~ — ~- — 
Ee eer es ee: _ ~ 1-4 1-5 — -— — — 
ESSERE Frys ae: — — Y-] 1-2 _- -- — — 

een bene UG TONND, Fw... ... cc ccc econ. — _ 300» 300° 250 250 250 300 
EST Sa — — Nonflammable Self-extinguishing 
Impact Str (unnotched), in.-Ib............ — _ _ a — — — — 
RY cceebavidsscnprasesden ie 0.01-0.03 0.015 — — 0.0005 0.001 0.002 0.003 
_ | APES ree, — 103 — — — _ -- _ 
MII, cay sccccsccccnesetecus — 300 — — — — -- -- 
a SE Re rT pep 2.0-6.0 1.9 — — 1.05 1.15 1.25 1.40 
aDensity in Ib per cu ft. bFor intermittent exposure: 550 F. 
SILICONES POLYSTYRENES 
Density* » 12 14> Density* » 2 3 4 6 8 10 
Compr Str (orig), psi. . 100 200 | > * eee 30-50 55-75 65-85 90-110 {| 110-120 | 120-130 
Compr Str (after Compr Str (5% offset), psi.} 15-20 25-35 40-50 60-70 70-80 | 90-100 
aging), psi* fe eee Flexible | 60-90 | 90-120 | 130-160 | 200-230 | 280-310 
77 F, 200 Hr...... 100 190 Impact Str (unnotched), 
500 F, 4% Hr....... 5 25 SS ere 2.0-2.5 | 2.3-2.8 | 2.5-3.0 | 3.0-3.5 | 43-48 | 5.0-5.5 
500 F, 200 Hr...... 20 45 Ther Cond, Btu/hr/sq ft/ 
Weight Loss During We shatdbesadarcdes’ 0.0183 | 0.0188 | 0.0192 | 0.0203 | 0.0215 | 0.0225 
Expansion, %...... 1.2 1.3 Max Rec Svc Temp, F...... 185 185 185 185 185 185 
Weight Loss After 
Heating, % Density 2-10* Density 4-6* 
1000 Hr, 500 F..... 2.5 2.6 
1000 Hr, 570 F..... 8.0 4.2 cs dhesscdivccssces >0.0005 | Dielec Const (73 F, 50% RH) 

72 Hr, 700F...... 85 5.2 NETS SE gs tous cdbinbive svete 1.19 
Water Abs (24hr),%..) 3.2 2.3 Vol Res, 107 megohm-cm............ PEED MP wc kecvasthesdevetescsdes 1.02 
Heat Dist Temp, F....] >700 >700 Surface Res, 10 megohms............ > 9.8 | Dielec Const (48 hr, 122 F) 
Flammability......... No burn | No burn Dielec Str, v/mil I SSR 1.24 
Dielec Const Ee re ere ere. 1.05 

(108 cycles)........ 1.23 1.25 ET er 49 | Dielec Const (96 hr, 95 F, 96% RH) 
Dissip Factor Sw ncccccescseuetwséseresss 1.24 
(105 cycles)........ 0.0004 | 0.00102 RS ss oS) 1.05 
Ther Cond, Btu/hr/sq 
f/PF/f 0.025 | 0.025 oa ahd + 











aDensity in Ib per cu ft. 


bExpanded at 320 F. 
cTested at 500 F. 
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Prefoamed Foams 


POLYSTYRENES AND CELLULOSE ACETATE 






























Polystyrene Cellulose Acetate (cellular) 
Type and Density* » ) 

1.3 1.6 2.0 | 3.0-4.2 | 4 6-7 7-8 
RE WIN OE cass cece cess ccescns 10-20 | 415-25 | 25-35 | 50-140 | 128 197 235 
5 30-45 | 50-70 | 980-100 | 105-185 112 158 183 
Shear Str, psi et datees spacrsrenal 15-25 25-35 35-45 55-95 100 140 185 
ET ee >32 — os <170 73 147 177 
Compr Mod of Elast, 1000 psi. ence 0.45-1.1 0.75-1.35 1.15-1.75 1.7-5.3 5.5 7.0 13.5 
Flex Mod of Elast, 1000 psi............ 0.20-0.75 0.65-1.2 1.2-1.9 = 3.5 5.5 -- 
a: 0.5-1.2 1.1-1.8 2.1-2.7 — — 0.01 1.15 
0 ee eee Self-extinguishing types available............ 8.5 49 42 
Te rn Ns bok cis. «ss xpos vat 0.025 | 0.026 0.027 
CS ee pied dn ee FN ctu tip eekaxk+ oa knadhe os 2.0-2.5 x 105...... Sy cio ay 
a cM ics sanvvseacevesounlel SR ORR | ne 
i es a Ue auae dew ae ears its 55s eee Gade ee « ihe ES oh ochcdeakedeens 
I a od, ce eM aaa awd dovevsacediadvesus ie ee... « Sabie San | a ee ae Ri MTs <5 600cenpuakes 
EY Uo ss as duavieaeeledeeaekoae te. veananeees 
SRR PIRES iss scaxaninnss eee eee SR os cncuideks 
ER RRC aah eR ie scl.» . watt «lis Pee = SOS eee 































Density in Jb per cu ft. 











UREA 
Tere re 0.8-1.2 
SS eee 200 
Ther Cond, Btu/hr/sq ft/°F/ft... . .0.015-0.018 
Wax Wee Svc Vemp, F.............cce00. 200 
SILICONE 

ST so cahactaabicescsecees 16 
Ther Cond, Btu/hr/sq ft/°F/ft........... 0.025 
SS eee 2.1 
Ts 5 i5'n'064.64340005 vsx0saun 1.26 
es 2556s che bese cans 0.00105 
Flammability................. Nonflammable 
TDD os cccnccsesccccesece >700 
Compr Str (orig), psi...............0005. 325 

Compr Str (after aging), psi> 
PRS Ae A ste 210 
is heck he viv nddcncinent 70 
ic ciicbuaittns ba vk va aod ce 80 

Weight Loss During Expan- 

Ee 1.0 

Weight Loss After Heating, % 
EN Si ie eee ers ooees vee 2.6 
GRE RE aerate 4.2 
tas Juve, wile, Jc cok 5.2 





sExpanded at $20 F. 
bTested at 500 F. 





bAbsorption in Ib per cu ft at 50 and 100% RH, respectively. 


eGrains/sq ft/hr/in. He. 





































EPOXIES AND MIXED COPOLYMER 
Expanded Epoxy 
Type and Density* » Mixed 
Copolymer® 3 10 25 38 
Compr Yid Str, psi........... 45-90 65 340 1200 6000 
9» eee 120-350 55 320 1100 — 
err — — — —_ 4500 
Compr Mod of Elast, 1000 psi. . — — ll 52 — 
Flex Mod of Elast, 1000 psi...} °11.6 _ _ — — 
Ther Cond, Btu/hr/sq ft/°F/ft | 0.022-0.029 | 0.014 0.020 — 0.054 
Coef of Ther Exp, 10-5 per °F..| 3.4-4.0 — 2.2 _ 1.6 
Vax Rec Sve Temp, F........ — 300 300 300 350 
Water Abs (vol), %.......... 0.05-0.10 1.3 0.25 0.1 0.09 
Dielec Const................ 1.14-1.18 1.04 1.18 1.47 1.9 
PP 0.14-0.18 | <0.0001 | 0.0004 0.003 0.009 


























aDensity in Ib per cu ft. 


>Styrene-acrylonitrile resin and butadiene-acrylonitrile rubber. 
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Always a 
dependable Source! 






CONTACT... 






when you 
need 


plastic 
Soh oceis 
rods 


tubes 
/ 























Ylew 64-page Catalog 
and Price Schedule 


Yours...on Reguest ! 





Catalog lists complete specifications, dimensions, 
colors and prices of industrial and decorative 
plastic sheets, rods, tubes, etc. — either cast, ex- 
truded, molded or laminated. Plastic coatings and 
fabrication supplies are also included. 


<1<1<1<[<[<[<]< 
<1 <[<I1<1<1<[ <1 < 
BDI<1<1<1<1<1<1<1< 








Commercial Plastics and Supply Corp. 
630 Broadway, New York 12, N. Y. 


Gentlemen: 


© 
O 





Please send the following... 
(0 64-pg. Catalog & Price Schedule ‘Plastics for Industry”’ 
(0 ‘Sq. Ft. Converter Chart’ for sheets up to 67°’ x 102” 
0 “Plastics Properties Chart” 


Nome 









Address. 








Company 





IN COMMERCIAL 
Gramercy 7.5000 PLASTICS AND SUPPLY CORP. 
630 BROADWAY, NEW YORK 12, N. Y. 


Branch Warehouses: Newark, N. J., 170 Malverne St. ¢ Pittsburgh, Pa., 119-9th St. « Miami, Fla., 3801 N.W. 2nd Ave. 
0, 598? 


bua eee a ew wee eweaeawed 


For more information, turn to Reader Service card, circle No. 456 For more information, circle N 
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WAT EX O WW Aa LZ. ...AN ovmsTANDING SOURCE FOR BASIC MATERIALS 


Over 100 grades — Fabricating Specialists — Technical Services — Stock Plan 
SHEETS - RODS - TUBES - ROLLS - COILS + FABRICATED PARTS 












































































































































































































Among engineering Ye 
NATIONAL materials Vulcanized 
VULCANIZED Fibre is outstanding 
in its application 
F I B RE versatility. One of 
industry’s toughest 
Tough materials, it 
Light-weight weighs less than 
Wear Resistant half as much 
Good Dielectric Strength as aluminum. It is 
Impact Resistant easily formed, deep 
Arc Resistant drawn, machined, 
Heat Resistant polished, painted, 
Track Resistant embossed, or 
Durable combined with 
Machinable other materials. 
7 il TTT 
MM LAAT 
2 A thermoplastic material 
as with excellent 
¥ ’ . . sf: yw ge), 'f: © 6 
\ mechanical properties. 
> ) A good electrical ry y | rode) 
A j insulator, it is 
s characterized by its 
es toughness, durability Waa Miaiieiatien 
: and low coefficient Resiliency 
‘J of friction. Available as Mechanical Strength 
extruded strip, rod, Machinability 
tubing, special shapes or Low coefficient of friction 
fabricated parts, Good electrical properties 
National Nylon Impact Resistance 
possesses... 





A plastic laminated into primary 












































(1) forms—sheets, rods, tubes under <a 
al FNOLITE vi heat and high pressure. —— Bisth “a, 
- A wide variety of base y°° A @ : 
Laminated PLASTIC materials—paper, canvas, cotton eo alae 
fabric, asbestos, glass cloth, 
glass mat, and nylon cloth— 
Dielectric Strength are impregnated with resin COPPER CLAD GOOD PUNCHING 
Structural Strength binders— phenolic, silicone, 7h. 
Dimensional Stability polyester, melamine, and epoxy gene 
Machinability —providing a broad range of he 
Heat Resistance grades with an unlimited cS 
Moisture Resistance application base. = 
Chemical Resistance Available as copper clad and ie ath 
Wear Resistance in combination with vulcanized ape ames BE 
Flame Resistance fibre, rubber and other materials. 7 ie eeeees 





eee ccd 
Senin hes SS wks 
swe wet >. a met 


IMPACT STRENGTH RODS — TUBES 








Write for these illustrated catalogs e« Basic Materials Catalog 
¢ Fabricated Parts Booklet « Copper Clad Phenolite Brochure « National Nylon Brochure 


q NATIONAL wutcantzeD FIBRE co. 
/ 





|. Y. 







Ave. 
o. 598? 


Department X, Wilmington 99, Delaware 


For more information, turn to Reader Service card, circle No. 511 
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SUPPLIERS’ 


LITERATURE 


ik OR aan aa mm iacammmnaa ss 


(except Plastics and Rubber) 


Dacron Felt. American Felt Co., 4 pp. 
Cold and heat resistance, compression set, 
weight, breaking strength and splitting re- 
sistance of Dacron felt for seals, gaskets 
and cushions. 166 


Ceramics. Steatite Div., American Lava 
Corp., 4 pp, illus., No. 563. Mechanical 
and electrical properties of AlSiMag cera- 
mics. 167 
Silicon Carbide. Carborundum Co., 8 pp. 
illus., No. 1. “‘Advanced Materials Tech- 


nology’ contains information on a self- 
bonded silicon carbide for high tempera- 
tures. 168 


Flocked Paper. Cellusuede Products, Inc., 
illus. Sample kit containing actual 
swatches of colored flocked paper. Gives 
suggestions for cutting, folding and print- 
ing the flocked paper. 169 


Glass Fabrics. Coast Mfg. & Supply Co., 
20 pp. illus. Describes a line of glass fab- 
rics and discusses resin systems for im- 
pregnating fabrics and papers. 170 


Felt. Continental Felt Co., Inc., 10 pp, 
illus. A history of felt and a description 
of some of its uses in machinery and in- 
dustrial products. 171 


Alumina Ceramic. Coors Porcelain Co., 4 
pp, illus. Mechanical and electrical prop- 
erties, dimensions and uses of parts made 
from a dense, nonporous, 99% aluminum 
oxide ceramic. 172 


Glass. Corning Glass Works, 16 pp, illus., 
No. B-83. Mechanical, thermal, electrical 
and chemical properties of alumino-silicate 
glass and radiotron tube and capacitor 
glass. 173 


High Alumina Ceramics. Diamonite Pro- 
ducts Mfg. Co., 2 pp, illus. Properties and 
uses of standard and special high alumina 
ceramic products. 174 


Fir Plywood. Douglas Fir Plywood Assn., 
18 pp, illus. Types and grades, acoustical 
and thermal properties, and design data 
on Douglas fir plywood. 175 


Silicone Products. Dow Corning Corp., 16 
pp, illus. Properties and uses of over 150 
commercially available silicone products. 

176 


Synthetic Fibers. E. I. du Pont de Ne- 
mours & Co., Inc., Textile Fibers Dept., 
Wilmington 98, Del., 76 pp, illus. Perform- 
ance of synthetic fibers in such industrial 
applications as hose, belting, filters. 
packings, reinforced plastics and specialty 
papers. Write on company letterhead di- 
rectly to Du Pont. 


Fused Silica, Quartz. Amersil Co., Inc., Div. 
of Engelhard Industries, 10 pp, illus. 
Mechanical and electrical properties, uses, 
heat resistance, handling information and 
optical properties for fused quartz and 
silica. 177 


impregnated Felt. Felters Co., 4 pp, illus. 
Properties and uses for a thermoplastic 
resin-impregnated felt that can be elec- 
tronically stitched and heat sealed. 178 


Wood Sheets. Fibron Products, Inc., 4 pp. 
Properties and uses of a wood sheet ma- 
terial called ‘“‘Stamina”’ wood. 179 
Friction or Damper Parts. World Bestos 
Div., Firestone Tire & Rubber Co., 4 pp, 
illus., No. 648. Available molded parts— 
brake linings and blocks, transmission lin- 


washers. 
180 


ings, clutch facings and thrust 
Carbide Parts. Firth Sterling, Inc., 2 pp, 
illus. Uses, physical properties, and braz- 
ing and grinding of a general purpose 
carbide. 181 
Reinforced Wood. Gamble Bros., Inc., 4 
pp. Explains why wood reinforced with a 
high strength thermoplastic resin has in- 


creased impact resistance and increased 
durability. 182 
Silicone Products. General Electric Co., 
Silicone Products Dept., 8 pp, illus., No. 


CDS-129. Properties and uses of silicone 
rubber, fluids, resins, water repellents, elec- 
trical insulation, lubricants and paint 
vehicles. 183 


Plastic-Faced Plywood. Georgia-Pacific Co., 
14 pp, illus. Advantages of GPX plastic- 
faced plywood used for cabinets and in- 
dustrial counters. 184 


Ceramic Materials. Globe-Union Inc., Cen- 
tralab Div., 16 pp, illus. Design informa- 
tion, properties, specifications and uses of 
engineered ceramics. 185 


Graphite. Graphite Specialties Corp., 4 pp., 
No. GS-101-1. Chemical and physical prop- 
erties of an impervious graphite for high 
temperature parts. 186 


Glass Fiber Insulation. Gustin-Bacon Mfg. 
Co., & pp, illus. Physical properties, ther- 
mal conductivity, handling characteristics 
and acoustical efficiency of an insulation 
made of blown glass fibers. 187 


Electrical Insulation. Johns-Manville Corp., 
2 pp. Thermal! stability, dielectric strength, 
mechanical and chemical properties, and 
electrical properties after aging of a sili- 
cone-asbestos electrical insulation. 188 


Titanium Carbides. Kennametal, Inc., 12 
pp, illus.. No. B-444. Shows titanium car- 
bide parts that have been used at tem- 
peratures above 1800 F. Physical properties 
and corrosion resistance are given for 13 
different compositions. 189 


Specialty Papers. Knowlton Brothers, Inc., 
Watertown, N. Y., 12 pp, illus. Specialty 
papers for facsimile transmission and 
radio and TV speakers. Write on company 
letterhead directly to Knowlton. 

Glass Fiber Insulation. L. O. F. Glass 
Fibers Co., 4 pp, illus. Insulation efficiency. 
uses, vibration and airflow resistance, com- 
pressibility, dimensional data and tensile 
strength of quartz and glass fiber thermal 
insulations. 190 


Glass Products. Lancaster Glass Corp., 28 
pp, illus. Case histories on the use of 
glass in television tubes, auto dome lights, 
desk sets, refrigerator lights and vending 
machines. 191 


industrial Ceramics. McDanel Refractory 
Porcelain Co., 16 pp, illus., No. P 258R. 
Dimensional data, and physical, thermal 
and electrical properties of ceramic tubing, 
insulators and custom shapes. 192 
Tungsten Carbide. Metal Carbides Corp., 


24 pp, illus. Information on tungsten 
carbide products produced by both hot and 


cold pressed methods. Shows company 
facilities. 193 
Mica Insulation. Mica Insulator Div., 


Minnesota Mining & Mfg. Co., 20 pp, illus. 
Thicknesses and dielectric strengths of 
mica rings, tubes, plates, sheets and tapes 








available for Class B, H and C electrical 
insulations. 194 


Paper Products. Mosinee Paper Mills Co., 3 
pp, illus. Outlines uses and advantages of 
a flame resistant paper. Gives average 
physical properties of flat and creped 
neutral papers. 195 


Glass-Bonded Mica. Mycalex Corp. of 
America, 24 pp, illus. Physical, electrical 
and thermal properties, and dimensional 
tolerances of ceramo-plastics and _ glass- 
bonded micas. 196 


Thermal _tnsulation. Norton Co., Re- 
fractories Div., 6 pp, illus., No. CP8.4.2. 
Composition, electrical properties, grain 
size and uses for an electrical grade ther- 
mal insulation made of fused magnesium 
oxide. 197 


Electrical Insulation. Owens-Corning Fi- 
berglas Corp., Electrical Div., 598 Madison 
Ave., New York 22. Chemical resistance, 
design information, application data and 
uses for fiberglass cordage and sealing 
thread used in electricai insulations. Write 
on company letterhead directly to Owens- 
Corning. 


Glass Fiber Insulatign. Pittsburgh Plate 
Glass Co., Fiber Glas Div., 4 pp, illus. 
Advantages of glass ers for sound and 
heat insulation appligations. 198 
Carbon Graphite. Pure Carbon Co., Inc., 
12 pp, illus., No. 55. Characteristics, 
grades and suggested uses for carbon 


graphite. 199 


Ceramic Magnets. Stackpole Carbon Co., 
12 pp, illus., No. RC-11A. Magnetic proper- 
ties ana uses of high coercive force 
permanent ceramic magnets. 200 


industrial Ceramics. Star Porcelain Co., 
20 pp, illus., No. 57. Descriptive and 
engineering data on commercial white 
porcelain, Nu-Blac, Thermolain, Steatite, 
Vitrolain, Humidolain, Lavolain, and 5606 
Refractory materials. 201 
Thermal insulation. H. I. Thompson Fiber 
Glass Co., chart. Information on thermal 
insulations for temperatures from —300 F 


to 3000 F. 202 
Impervious Graphite. National Carbon 
Co., Div. of Union Carbide Corp., 4 pp, 


No. S-5050. Procedures for applying ‘‘Kar- 
bate’’ impervious graphite and ‘‘National’’ 
resin-base cements to parts used in cor- 
rosive service. 203 


Silicone Compounds. Union Carbide Corp., 
Silicones Div., 8 pp, illus., No. SP-1010A. 
Uses and properties of organo-silicone 
polymers with unusual lubricating and 
solubility properties. 204 


High Temperature Ceramics. Alite Div., 
U. S. Stoneware Co., 7 pp, No. A-7. Physi- 
cal and high temperature properties, 
methods of joining and electrical charac- 
teristics of Alite, a sintered aluminum 
oxide used in high temperature applica- 
tions. 205 


Felt. Western Felt Works, 28 pp. Dis- 
cussion of felt: its applications, composi- 
tion, specifications and testing a 


Insulating Materials. Westinghouse Electric 
Corp., illus., No. B-7206. Types, character- 
istics and applications of Class A shellac 
and varnish-coated papers and organic- 
varnished glass. 207 
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Nonmetallics 


Mechanical and Electrical Ceramics? 





Type »> 


Polycrystalline Glass 


9606> 


(Pyroceram) 


9608» 


Cordierite 


Forsterite 





PHYSICAL PROPERTIES 
Specific Gravity....... 


Ther Cond, Btu/hr/sq ft, oF, ft 4 


Coef of Ther Exp, per °F 


a a 
Thermal Shock Resistance. ... 
Water Absorption, % 

Gas Permeability 





MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi 
Mod of Rupture, 1000 psi 
Tensile Strength, 1000 psi 
Hardness (Knoop).............. 
Impact Strength (Charpy), in.-Ib 


Compressive Strength, 1000 psi 


2.60 
2.10 


5.7 x 10-6 
Good 
0.00 

Gas-tight 


2.50 
1.14 


0.7-2.0 x 10-*¢ 
Good 
0.00 
Gas-tight 





17.3 x 10° 
20 


6984 





ELECTRICAL PROPERTIES 
Volume Resistivity, ohms/cu cm 


Dielectric Strength, v/mil 
Dielectric Constant 


10,000 Mc...... 20... eee eee. 
Dissipation Factor 


Te Value, Fe 
Temp Coef of Capacitance Chg‘. . 





HEAT RESISTANCE 
Max Rec Svc Temp, F 
Softening Temp, F 


12.5 x 108 
16-23 


7034 





1250 





USES 





Developed for uniform 
electrical properties in 
missile radomes. Other 
uses: electronic equip., 
abrasive binder, bearing 
parts, structural parts in 
hypersonic aircraft, air 
compressor blades 


General purpose; labor- 
atory equip., pump parts, 
pipe caps, thread guides, 
replacement for steel 
bearings, heat exchange 
tubes (under test), brake 
shoes, aircrafi structural 





parts 


2.29-2.65 
0.97-2.40 


2.08 x 10-* 
1.68 x 10-® 
Good 
0.02-3.2 


7 x 108 
6.8 
3.0 


140-230 


4.02-6.23 


0.0010-0.00930 


0.0297-0.0579 
1436 
420 


2.9 
1.94-2.40 


4.72 x 10-* 
5.40 x 10-* 
Moderate 
0.00-0.02 
Gas-tight 


19 
10 


>10" 
5.0 x 1018 


7.0 x 10" 


1.2 x 10% 

1.0 x 108 

3.0 x 10° 
250 


6.3 
6.2-6.5 
6.1 
5.8 


0.0014 
0.0002-0.0004 
0.0003 
0.0010 


0.009 
0.001-0.002 

0.002 

0.0058 
680->1832 


1832 


Aircraft firewall connec- 
tors, appliance coil sup- 
ports and terminal blocks, 
automotive heater cores, 
hot point insulators, braz- 
ing fixture parts, foundry 





thermostat controls 





parts, fuel burner tips, | 


Very low loss insulators, 
ceramic-to-metal seals 
(close tolerances obtain- 
able by grinding) 





* Alumina properties are on ‘‘Refractories’’ pages. 
4 Knoop hardness at 100 gm. 
¢ Te value is the temperature at which a cubic centimeter of the material has a resistance of 1 megohm. 


© 77-672 F. 


b Manufacturer's designations for opaque grades; transparent grades are available. 


{77-185 F, parts per million. 








Mechanical and Electrical Ceramics—concluded 
































Type = Standard Electrical Steatite Zircon 
PHYSICAL PROPERTIES 
eve cscededs civ ces 2.37-2.53 2.5-2.92 3.43-3.86 
Ther Cond, Btu/hr/sq ft/°F /ft 0.87-1.57 1.45-1.94 2.88-3.61 
Coef of Ther Exp, per °F 
tS eee 2.00 x 10-6 3.33-3.99 x 10-6 1.31-1.84 x 10-6 
ee 2.70 x 10-6 4.52-5.50 x 10-6 2.09-2.16 x 10-6 
Thermal Shock Resistance. . ; Fair Moderate Good 
Water Absorption, %................. 0.0-0.1 0.0-1.0 0.0-9.0 
eg PTE re rer eee Gas-tight — - 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi......... 10 x 106 13-16 x 106 21 x 10° 
Mod of Rupture, 1000 psi........... an ll 19-22 9-24 
Tensile Strength, 1000 psi.................. 2.5-7.0 48-15 45-12 
Hardness (Mohs).............. Tey per eens 7.0-7.5 7.5 8 
Impact Strength (Charpy), in.-Ib 
cb etbceavisew ines odinn es 8.2 10.5-14.0 8.9-11.4 
SS x cc Sdiwaeta bawds se e0esesned — 3.8-5.0 5.50-5.64 
Flexural Strength, 1000 psi................ 5.4-12.0 11-20 18.5-22.0 
Compressive Strength, 1000 psi............ 49.1-70.0 66-90 60-100 
Transverse Strength, 1000 psi............. ll — | —_ 
ELECTRICAL PROPERTIES | 
Volume Resistivity, ohms/cu cm 
68-77 F .. GS Or ee 103-1045 >104 >10' 
CE hk ine vain che viween'<iantl 1.2 x 108 0.21->100 x 10! 2.0 x 10! 
a ae ET ee 5.0 x 10° 0.6-800 x 108 5.5 x 104 
yg re NOs MORE afl he ihe 4.0 x 1054 0.32-300 x 106 5.5 x 108 
CG Bis ite te Mina dak aua insane — 2.3-500 x 10® 1.4 x 10? 
i a a ee ead phair dh SEE — 7.0-680 x 103 8.2 x 105 
Dielectric Strength, v/mil.................: 55-300 145-280 60-290 
Dielectric Constant 
eins sce yduih dnt xraenectasl teas 5.4-7.0 5.9-6.3 9.1 
Nea eee — 5.5-6.51 5.30-9.20 
i inn bieyd it pindh piesedi dann — 5.6-6.0 8.6 
NS 55:6 alivasvbaheecascedes — | §.3-5.8 8.4 
Dissipation Factor | 
Se 0.0090-0.0112 0.0013-0.0150 0.0360 
etn ox childs gidateades vanara’ — 0.0011-0.0075 0.0007-0.0022 
RR eee ese — | 0.0009-0.0028 0.0012 
Ee ee ee — | 0.0014-0.0054 0.0027 
Loss Factor | 
EE ns cane cindianidansteeneet 0.053-0.060 | 0.008-0.090 0.327 
nes nsrhentdeadiliodwh eee erie — 0.007-0.0252 0.0041-0.0135 
reer — | 0.005-0.016 0.010 
a so teehee eke Cessna aoe — 0.008-0.030 0.023 
a Sick saws a's 0 4400 05 680-842 | 824-1544 1292-1598 
Temp Coef of Capacitance Chg>............ 630 120 175 
. HEAT RESISTANCE 
1820 | 1832 2012 


Bt ee 





USES 








Low voltage insulators, 
vitrified high voltage 
insulators, wire supports, 
outlet boxes, lightning 
arrestors, suspension in- 
sulators, x-ray rods and 


tubes 





Aircraft insulators, appli- 
ance housings, electric 
line insulators, tube 
sockets, electrical instru- 
ment spacers and feed- 
through bushings, fuel 
igniters, camera and pro- 
jector rollers, thermostat 





controls 


Aircraft firewall connector 
plugs and glow plugs; 
electronic tube sockets, 


coil forms, 


spacers, 


brackets, printed circuits 
and plates; pump valves, 


plungers and seats 





aTe value is the temperature at which a cubic centimeter of the material has a resistance of 1 megohm. 


b77-185 F,, parts per million. c392 F 





d752 F 
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Mica 
Glass-Bonded Synthetic* 
Natural Synthetic 
Type »> Muscovite Fluor-Phiogopite Insulation Capacitor 
PHYSICAL PROPERTIES 
Specific Gravity... . Fae 2.6-3.2 2.9 3.0, 2.6-3.8 3.25, 3.5-3.8 
Ther Cond, Btu/hr/sq ft/°F /ft. .. 0.25-0.36 | 0.3-0.4 0.29, 0.23-0.31 — 
Coef of Ther Exp, per °F........ 1.8 x 10 | 1.44-2.70 x 10-5 1.8, 1.8-2.0 x 10- 1.8, 1.8-2.0 x 107% 
Spec Ht, Btu/Ib/°F.. 0.0.0.0... 0.20 | 0.25 0.16, 0.13-0.24 - 
Water Absorption............... Low | Low | Nil | Nil 
MECHANICAL PROPERTIES | | 
Mod of Elast in Tension, psi..... 20-30 x 106 25 x 108 9-12, 7-8 x 106 9-12, 7-8 x 10¢ 
Ten Str, 1000 psi. ............. 40-50 45-55 6-7, 5-6 6, 5 
Hardness | | 
Knoop. . a PEEP 90 200 | M110-120, M115-130> - 
RE ee eee 3-4 | 3.4 | — _ 
Impact Str (Izod notched), ft-lb /in. = _ | 1.8, 0.7 — 
Flex Str, 1000 psi.............. — | — | 15-18, 10-15 12-15, 10-15 
Compr Str, 1000 psi............ >150 | >150 35-42, 20-25 35-42, 20-25 
—_ } | —_ eS 
ELECTRICAL PROPERTIES | | 
Vol Res, ohm-cm................ 1013-1017 1013-1017 | 104-1015, 1014-10!" 10*4, 10% 
Dielec Str (step by step, % in.), | 
Ree er 1000-2000 1000-2000 | 400-600, 400-500 270-400, 300-400 
Dielec Const | 
Rs ig sii Vaden ddccdad 5.4-8.7 | 6.5 7.5-7.6, 7.0-9.5 — 
10* Cycles ashe 5.4-8.7 6.5 7.4-7.9, 6.9-9.2 10-25, 10-40 
Dissip Factor 
60 Cycles........... ve 0.0025 0.002-0.004 0.0035-0.0070, 0.0020-0.0040, 
0.007-0.050 0.0025 
10® Cycles rasan 0.0001-0.0004 0.0001-0.0003 0.0015-0.0020, 0.0035 
| 0.0015-0.0120 
Arc Resistance, sec... . wis High High | 300, 250 300, 250 
FABRICATING PROPERTIES | | 
Machinability...................] Fair, readily punched | Fair, punches more | Fair to good; poor Fair to good; poor 
readily than Natural | 
Moldability .. ~ oe ye — | — | Fair; good Fair; good 
HEAT RESISTANCE | | | 
Max Rec Svc Temp, F........... 1110 | 1400-1800 _ 600-1000, 500-800 600-700, 500-600 : 
Heat Dist Temp (264 psi), F...... — | — | 850, 700 | 800, 650 4 
Ther Shock Res................. — — Moderate Moderate 
| 
CHEMICAL RESISTANCE Good res to most chemi-| Slightly better chemical | Good res to organic sol- | Good res to organic sol- 
cals and molten materials | res than Natural; high | vents; poor res to strong | vents; fair res to strong 
exe hydrofluoric acid. | res to oils. High res to | acids and alkalis acids and alkalis 
Oils generally cause de- | high pressure, high temp 
lamination | water | 
USES Furnace peepholes, boiler | Experimental high temp | Electromechanical de- | Stable capacitors, tuners; 
gage glass; capacitors, | tube spacers and wave- | vices, high temp (660- | high temp uses 
tube spacers guide windows; used to | 900 F) insulators requir- | 
make glass-bonded syn- | ing high stability (eg., | , 
thetic mica computer parts) 











® The first value or range in each column refers to glass-bonded mica produced by compression molding, the second to transfer molding. 
»’ Rockwell. 
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Refractory Ceramics and Cermets 


HIGH ALUMINA CERAMICS:* 


ALUMINA CERMETS 




















Type (% alumina) »> 85% 95% 994 Molybdenum- 
Type > Chromium- Chromium- 
PHYSICAL PROPERTIES Alumina Alumina* 
Specific Gravity 3.45 3.65 3.85 
Ther Cond (200 F), PHYSICAL PROPERTIES 
Btu/hr/sq ft/°F /ft 6.2 10.3 10.7 Density, Ib/cu in. 0.21 0.22 
Coef of Ther Exp, per °F Porosity, % <(0.25 <0.25 
77-390 F 3.1 x 10° | 3.7 x 10° Melting Point (approx), F 3362 
77-750 F 3.7 x 10-* | 4.0 x 10* - Ther Cond, Btu/hr/sq ft/°F /ft 29 — 
77-1100 F 3.9 x 10-§ | 4.3 x 10-* | 4.3 x 10° Coef of Ther Exp, per °F 4.7 x 107% 5.2 x 10°: 
77-1470 F 4.1 x 10-*| 45x 10°* | - Spec Ht (calc), Btu/Ib/°F 0.16 0.14 
77-1830 F 4.3x 10-* | 4.7 x 10° - Poisson’s Ratio 0.22 0.25-0.27 
Water Absorption, % 0.0 | 0.0 0.0 ——$$$_______- | ___—_- 
Max Rec Svc Temp, F 2460 3000 3540 MECHANICAL PROPERTIES 
— |__| Mod of Elast in Tension, 10° psi 41 x 10° 37- 39 x 10° 
ELECTRICAL PROPERTIES Ult Ten Str, 1000 psi 

Dielec Str, v/mil.. 200 250 300 Rm Temp... 21 — 

Dielec Const (77 F, 1 mc) 8.2 8.9 9.6 800 F. 20.5 _— 

Power Factor (77 F, 1 mc). 0.0009 0.00035 | 0.00027 1200 F 20 — 

Loss Factor (77 F, 1 mc) 0.007 0.003 | 0.003 1500 F 19.7 _ 

Te Value, F. . 1560 1960 2012 1800 F 16.8 — 
| ——|—_—_____— 2000 F 11.7 — 
MECHANICAL PROPERTIES | Hardness (Rockwell)... C37 | 45-55 

Mod of Elast in Tension, psi 32x 10° | 40x 10® | 50x 108 Mod of Rupture, 1000 psi =. 

Ten Str, 1000 psi 20 30 39 Rm Temp 45 - 554 

Flex Str, 1000 psi 4] 45 4] 1800 F.. 27 55 

Compr Str, 1000 psi 250 300 400 2100 F. 18 29 

Hardness a 4.6 12 

Mohs 9 9 9 Compr Str, 1000 psi. . 110 240 
Knoop os 1450 1750 _ Mod of Rigidity, psi 17 x 108 15 x 10 
impact Str (Charpy), in.tb 6.5 7.0 — Shear Str, 1000 psi. 40 - 
* The values given are not maximum values and are dependent upon Bulk Modulus, ps... 21 x 10° 26 x 10 
the minor components or fluxes used as well as a number of other » At 500 F. b At 32-1839 F © At 68-1472 F. 
factors 4 Addition of tungsten raises room temperature modulus of rupture to 














about 70,000 psi. 


REFRACTORY OXIDES 








Beryllia Calcia Magnesia Thoria Zirconia Silica 
Type »> (BeO) (CaQ) (MgO) (ThO.) (stabilized (vitreous 
ZrO.) | $i0,) 
Melting Point, F............... 4620 4710 5070 6000 4710s | ~ 
Ther Cond (at spec temp and porosity), | | 
Btu/hr/sq ft/°F /ft 9.52 (2190 F, | 4.12 (1830 F, | 1.47(2190 F, | 0.0(2190 F, | 0.53 (2190 F, | 0.80 (0.9%) 
59-10%) | 9%) | 22%) 17%) 28%) | 
Coef of Ther Exp, per °F 92.8x10-7 | 755x107 | 778x107 92.8 x 1077 30.6x 10-7" | 28x 107 
(68-2550 F) | (68-2190 F) | (68-2550 F) (68-2550 F) (68-2190 F) | (68-2280 F) 
Max Use Temp in Oxidizing Atm, F 4350 4350 | 4350 | 4890 4530 _ 
Hardness (Mohs). ; 9 45 6 7 7-8 | — 
Thermal Shock Resistance Excellent Fair Fair Poor Fair | Excellent 
Stability in — 
Reducing Atmosphere Excellent Poor Poor Good Good | Fair 
a Excellent Poor Good Fair Fair _ Good 
Acid Slags... . — Poor Poor Poor Good Good 
Basic Slags Fair Fair Good Good Poor — 
Metals. . Good Fair Fair Excellent Good _ 












® Depends on degree of stabilization. 
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Refractory Ceramics and Cermets—continued 


























CARBIDES 
Silicon Carbide 
Type »> Boron 
Silicon | Carbide 
Silicate- Nitride- Densified 
Bonded Bonded 
PHYSICAL PROPERTIES 
Density, Ib/cu in. 0.093 | 0.104 | O112 | 0.0878 
se oe ee 9-17 6-10 | Negligible | Negligible 
Ther Cond (2200 F), Btu/hr/sq ft/°F /ft 9 10 | 25> | 16 
Coef of Ther Exp (0-2550 F), per°F....... 2.4x 10 | 2.4x10-* | 2.17x 10-* | 1.73 x 10-8 
Specific Heat (0-2550 F), Btu/Ib/°F*.... 0.285 0.288 | 0.331 | -- 
Max Service Temperature, F 
EE EE eee: Sere 3200 3200 4000 4100 
Oxidizing Atmosphere ies 2900 3000 3000 | 1000 
MECHANICAL PROPERTIES 
Mod of Elast in Tension (77 F), psi 13.2x10° | 17x 106 68 x 106 42 x 106 
Tensile Strength (77 F), 1000 psi.................. Very low | 3 25 22.5 
Compressive Strength (77 F), 1000 psi..... 15 20 150 420 
Modulus of Rupture (77 F), 1000 psi 22 | 5.5 24 50 
® Boron carbide is available in densities ranging from 0.069 to 0.091 |b per cu in b 1832 F. 
CARBIDE-BASE CERMETS 
Titanium Tungsten- Tungsten Chromium 
Type (base) »> Carbide Titanium Carbide Carbide 
(TiC)* Carbide (WC) (Cr,C, Cr-Cs, 
(WTiC.)> Cr;C.)° 
Density, Ib/cu in. ca 0.20-0.26 0.38-0.47 0.47-0.55 0.25-0.29 
Ther Cond (68 F), Btu/hr, sq ft/ oF ft — 16.5-32.9 25.7-50.1 
Coef of Ther Exp (68- 1200 F), per °F 4.3-7.5x10-® | 3.5-4.0x10-* | 2.5-3.9x10-® | 5.8-6.3 x 10-*! 
Electrical Conductivity, % IACS. 1.34-6.0 4.3-5.8 5.0-10.1 2.58-2.78 
Mod of Elast in Tension, psi | | 
_ | OPA 42-57 x 10° | 65.5-80.6 x 10° | 61.6-94.3 x 108 | — 
1600-1800 F.. Daun. RRCOMAES tele sa0 33-48 x 10° | ~~ | _- | — 
Tensile Strength, 1000 psi | | | 
te es 5 4.3 win whe awh dbo ae 0 26-134 (0-61) | 118-145 | 130¢ | 36-37 (0) 
EC Pe aie Bie og oy is hdd Vic Bae ue 0 08 45-94 (0-2.7) — — 20-42 (0.2) 
a et inks 454 diet 6 ck cg cts 35-72 (0-2.4) | on 
Ree ee ere A73-A91 A90-/ A93, | A85-A93 A86.5-A89 
Impact Strength (unnotched Charpy), ft-lb | 
SET ES Sea Rey 2 Ae 1.5-16 5.3-8.9 | -- — 
RN Reo soe, icky s dca st 2.5-16 — -- _ 
Transverse Rupture Strength, 1000 psi.............. 122-236 125-300 175-385 100-120 
Stress-Rupture Strength (100 hr, 1800 F), 1000 psi... 8-28 | -— 
Compressive Strength, 1000 psi.................... 265-450 585-7 705 518-4 800 422-480 








® Property range covers grades ranging from 17.5% to 90% TiC with different binder 
b Property range covers various grades of different carbide-metal proportions. 

© The type of chromium carbide and the type of binder metal affects properties. 

4 Elongation (%) in parenthesis. ¢ Typical of one grade. f 68-576 F. 
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Refractory Ceramics and Cermets—concluded 


OTHER CARBIDES 





















Beryllium Titanium Columbium Tantalum Zirconium 
Type »> Carbide Carbide Carbide Carbide Carbide 
(Be.C) (TiC) CbC) (TaC) (ZrC) 
Ther Cond (68-795 F), Btu/hr/sq ft/°F /ft. 12.1 9.9 8.238 12.8 11.98 
Coef of Ther Exp (77-1472 F), per °F 5.8 x 10-6 4.1 x 107% -- 4.6 x 10-6 3.7 x 10-* 
Electrical Resistivity, ohm-cm®. . 1.1 1.05 x 107 7.4x 10 2x10 6.34 x 10% 
Hardness (Mohs’)....... 9+ 8-9 9-10 9+ 8-9 
Compressive Strength, 1000 psi« 105 — 


sf 109 _ 238 
Mod of Rupture, 1000 psi 16 — - — — 
Ther Shock Res (air quenched), cycles at designated 
temp range (F).... : 4 at 2000-1470 | — 
Fabrication Methods. . ..| Hot pressing, | Hot pressing, 
steel die press- | steel die press- 
ing and sinter- | ing and sinter- 


Hot pressing, Hot pressing, 
steel die press- | steel die press- 
ing and sinter- | ing and sinter- 


Hot pressing, 
steel die press- 
ing and sinter- | 






































ing, hydrostatic | ing ing ing ing 
pressing and 
sintering 
® Room temperature " 
MOLYBDENUM DISILICIDE (MoS,) NITRIDES 
Cold Pressed, | Boron Silicon 
Type »> Sintered | Hot Pressed Type »> Nitride Nitrides 
PHYSICAL PROPERTIES PHYSICAL PROPERTIES 
Density, Ib/cu in. 0.216 0.224 Density, Ib/cu in. 
Melting Point, F a 3685 +90 | 3685 +90 Theoretical 0.081 0.124 
Electrical Resistivity, microhm-cm Actual 0.076 0.111 
17 F 21.5-27.2 Melting Point, F. . > 3000» 3452¢ 
2900 F - 75-80 Ther Cond, Btu/hr/sq ft/°F /ft. 16.6, 15.44 | 0.90¢ 
Coef of Ther Exp (78-2700 F), per °F 5.1 x 10-* Coef of Ther Exp (70-1800 F), per °F 4.3 1.37 
MECHANICAL PROPERTIES MECHANICAL PROPERTIES 
Tensile Strength, 1000 psi Mod of Elast in Tension, 10 psi 
1800 F 40 75 F. 12.4 x 10° - 
2000 F 42 1300 F 1.5 x 106 -- 
2200 F 43 Hardness 
2400 F 4l Mohs... . 2 _ 
Hardness | ee ee -— A99 
Rockwell vr C57" | A80-87> Modulus of Rupture, 1000 psi 
a 1065 | 850-870 Ss LD MAWe Seis die nce d 095 15.9 10 
Compressive Strength, 1000 psi... . 100° | 350 ER eee 3.8 ~ 
Modulus of Rupture, 1000 psi | ' Se — 
77 F vabaat ceéeavas’s 51 | 36-57 ELECTRICAL PROPERTIES + 
1800 F 51-67 | — Volume Resistivity, ohm-cm 
2000 F 51-86 72 ener wl 
Nanay a | 55 ee ipelanelenaieS: 2.3x 10 
Stress-Rupture Strength (100 hr), | IANS RR ements, Premaege 3.1x10* | Not 
1000 psi | Dielectric Constant (102-108 cps)...} 4.15 applicable 
a iiine atte sas sone -- | 35 Dissipation Factor | | 
EERE STS eer le — | 29 | SSS ae ee 0.00103 | | 
SSS eae: - 13.5 er 0.00020 | 
2000 F ra 8.5 10 Cycles. 0.003 | #¥ 








® Mechanical properties are given for direction parallel to direction 
» Some indentation cracking of forming pressure. Values perpendicular to this direction may 
© Cast specimens. be one-half to one-quarter of these values. 
4 Test not applicable because bars showed too much plasticity. b May be used continuously at 3000 F, and higher under special 
e conditions. 
e Sublimes. 
4 Values at 570 F and 1800 F, respectively. 
e 400-2400 F. 


* Superficial hardness. 
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Other Nonmetallics 


Glass (Industrial) 








Soda-Lime Glasses 























Type »> Fused Silica 96% Silica 7 Aluminum 
Plate | General Purpose Silicate 
PHYSICAL PROPERTIES | 
Density, Ib/cu in... 0.079 0.078 0.09 0.089 0.091 
Softening Point, F.................. 3050 2800 1330 1285 1675 
Ther Cond (212 F), Btu/hr/sq ft/°F /ft 0.80 0.80 0.53 0.53 -- 
Coef of Ther Exp (32-570 F), per °F.... 0.30 x 10-* 0.45 x 10-* 48x 10-6 5.1 x 10-¢ 2.3 x 10-6 
meee te, Bia/es*F...............:. 0.185 0.185 0.20 0.20 — 
Elec Res (212 F), ohm-cm............ >10'5 >10'5 _ | 4x 10° >10'5 
Power Factor (68 F, 1 mc), %........ 0.025 0.02-0.04 0.80 0.90 0.37 
Dielec Const (68 F, 1 mc)............. 3.75 3.8 7.4 | 7.2 6.3 
ge — 390 — | 65 85 
Ther Shock Res, °F................. Very high Very high 135 125 240 
MECHANICAL PROPERTIES 
Mod of Elast in Tension, psi.......... 10 x 106 9.7 x 106 9-10 x 108 9-10 x 108 12.7 x 106 
Normal Work Stress (annealed), psi... 1000 1000 1000 1000 1000 
Ween Mec Sue Temp, F................ 
SS ore 1650 | 1500 900 840 1200 
NE hiias £6 SNwadiae Seceus _ _ | 950 480 840 
THERMAL TREATMENT | | | 
Annealing Temp (stress relief), F....... 2080 1670 | 1010 | 950 1315 





FABRICATING PROPERTIES 
Abaeinec eed db whi dese 


| SORE 7 Ae, He 





CHEMICAL RESISTANCE 








Glass can be ground or polished without great difficulty. Machining limited to sawing or drilling. Sawing 
readily accomplished with an impregnated wheel. Drilling is difficult, but is done with special carbide- 
tipped drills using kerosene as a lubricant 


Glass can be joined by heat sealing using a blast lamp, a gas torch or electric heating. Parts must have 
closely similar coefficients of expansion; otherwise, intermediate pieces having intermediate coeffi- 
cients must be used. Glass-to-metal seals are also made by this latter process bi 








Glass is attacked by hydrofluoric acid, hot concentrated phosphoric acid and strong alkalis. It is resistant 
to most other chemicals 








Ultraviolet energy 
transmission, 
chemical reaction 
vessels, thermo- | 
couple protection 
tubes, laboratory 
apparatus 


Ultraviolet energy 
transmission, 
chemical appara- 
tus, thermocouple 
protection tubes, 
laboratory ap- 
paratus 


Sheet and plate glass, molded glassware, bulbs for electric 
lamps, bottles, vials, fluorescent lamp tubing 











aMeasured by subjecting the two sides 


of a tube or constrained plate to a temperature differential. Index is the differential that 


causes a stress of 1000 psi on cooler surface. 
bMeasured by heating squares of annealed glass, 6 by 6 by % in., to a uniform temperature and dropping into cold water. Index is 
maximum temperature differential at which no breakage occurs. 
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Glass (industrial) —concluded 








Type »> 


Borosilicate Glasses Lead Silicate Glasses 


Low Expansion Baking and Kovar Low Electrical 











Chemical Resistant Sealing Loss Lamp Tubing High Lead 

PHYSICAL PROPERTIES 

Density, Ib/cu in. 0.080 0.081-0.082 0.077 0.110 0.154 

Softening Point, F ee 1500 1300-1425 — 1160 | 1075 

Ther Cond (212 F), Btu/hr/sq ft/°F /ft 0.67 -_- 0.67 0.50 0.45 

Coef of Ther Exp (32-570 F), per °F... 1.85 x 10-* 2.0-2.5 x 10-* 1.8 x 10-* | 5.0 x 10-6 5.1 x 10-¢ 

Spec Ht, Btu/Ib/F 0.195 0.195 — 0.17 0.16 

Elec Res (212 F), ohm-cm 102 3 x 10! >10%5 104 >101 

Power Factor (68 F, 1 mc), % 0.46 0.26-0.28 0.06 0.16 0.09 

Dielec Const (68 F, 1 mc) 46 4.7-5.1 4.0 6.6 9.5 

Ther Stress Res, °F* — — _ 65 — 

Ther Shock Res, °F® 320 ~~ — 120 — 
MECHANICAL PROPERTIES ’ 

Mod of Elast in Tension, psi.... 9.8 x 10° ~ 6.8 x 10° 9.0 x 10° 7.6 x 10° 

Normal Work Stress (annealed), psi... 1000 1000 1000 1000 

Max Rec Svc Temp, F | 2 d 

Annealed 900 800-840 | 810 720 | . 
Tempered 950 420-500 450 380 | : Other 

eae 2 , > ee, ee ee a ee a ' onmetallics 
THERMAL TREATMENT 

Annealing Temp (stress relief), F 





FABRICATING PROPERTIES 
Workability. 


Joining 


CHEMICAL RESISTANCE 


USES 





1020 890-975 910 80C 





Glass can be ground or polished without great difficulty. Machining limited to sawing or drilling. Saw- 
ing readily accomplished with an impregnated wheel. Drilling is difficult, but is done with special 
carbide-tipped drills using kerosene as a lubricant 


Glass can be joined by heat sealing using a blast lamp, a gas torch or electric heating. Parts must have 
closely similar coefficients of expansion; otherwise, intermediate pieces having intermediate coefficients 
must be used. Glass-to-metal seals are also made by this latter process 

Glass is attacked by hydrofluoric acid, hot concentrated phosphoric acid and strong alkalis. It is re- 
sistant to most other chemicals 





Heat exchanger tubes, chemical apparatus, cooking ware, | Lamp tubing, elec- | Electrical capaci- 


electrical insulators, sight and gage glasses, containers for | trical and elec- | tors, x-ray shield- 


chemicals and medicines, metal sealing, industrial piping, | tronic applications, ing 











industriat glassware requiring thermal resistance, special | thermometer tub- | 
lighting ware. heat resisting lenses | ing, metal sealing | 





* Measured by subjecting the two sides of tube or constrained plate to a temperature differential. Index is the differential that causes a stress of 


1000 psi on cooler surface. 


> Measured by heating squares of annealed glass, 6 by 6 by \ in., to a uniform temperature and dropping into cold water. Index is maximum tem- 


perature differential at which no breakage occurs 
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Other Nonmetallics 


Carbon and Graphite 


























Material » Carbon Graphite 

PHYSICAL PROPERTIES 

EE re 93.3-102.0 93.3-102.0 

Ther Cond (212 F), Btu/hr/sq ft/°F/ft...... 3-5 70-86 

Coef of Ther Exp (70-212 F), per °F........ 1.3-1.5 x 106 1.0-1.3 x 10 

Specific Heat (190 F), Btu/Ib/°F........... 0.18 0.18 
MECHANICAL PROPERTIES 

Mod of Elast in Tension, psi............... 1.6-2.3 x 10° 0.8-1.4 x 106 

Tensite Strength, psi... .............0.5 900-1100 440-2000 

Compressive Strength, psi................. 6300-9000 1700-7500 

Flexural Strength, psi..................... 2500-3000 800-4000 

Hardness (scleroscope)................... 60-90 20-45 
ELECTRICAL PROPERTIES 

Electrical Resistivity (68 F), microhm-cm... 3500-4600 800-1300 


Contact Resistance, ohms/sq in. 
ee ee ee 
oo. s bags tad gabe at 
ss cca ivbeceterstbe 
Against Aluminum..................... 
ES os cud vou sb tevwsewnle 
i ua sacwsedeews 


0.0058, 0.0026, 0.0017 -- 
0.0133, 0.0093, 0.0042* | 0.000704, 0.000315, 0.000162, 0.0000555» 
0.038, 0.012, 0.0052* 0.00092, 0.000214, 0.000109¢ 
0.138, 0.078, 0.015 0.0448, 0.0067, 0.0020° 
-- 0.000473, 0.000175, 0.000064, 0.000031 » 
~ 0.01309, 0.00438, 0.00177, 0.000737» 








FABRICATING PROPERTIES 


Powdered material mixed with binder and shaped by molding under 
pressure or by extrusion, then baked above 1800 F 





CHEMICAL RESISTANCE 


Carbon begins to oxidize in air at approximately 630 F and graphite 
at approximately 810 F, although the rate of oxidation is not rapid 
even at high temperatures. With a steam or a carbon dioxide 
atmosphere, temperature can be raised above a red heat before 
excessive oxidation occurs. Alkalis in solution do not attack these 
materials but fused hydroxides and carbonates attack them at 
high temperatures. They are not attacked by dilute acids, including 
hydrofluoric, but strongly oxidizing chemicals will attack them 








Mechanical: sealing rings, pump and valve parts, bearings, pistons, 
and piston rings. Electrical: battery carbons, contacts, welding 
carbons, anodes, brushes for electrical machines. Refractory: 
linings, molds, continuous casting dies, furnace boats. Chemical: 
pipe, pumps, fittings, heat exchangers, valves, towers and acces- 
sories, porous filtering media 





aPressures of 5, 25 and 75 psi, respectively. 


bPressures of 25, 150, 400 and 1000 psi, respectively. 
ePressures of 25, 150 and 400 psi, respectively. 
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Mineral Fibers 












































Glass Asbestos : 
Type »> Ceramic 
Micro (aluminum 
Standard Chrysotile Crocidolite Amosite silicate) 
Quartz Glass 
COMPOSITION AND FORM 
Chemical Base............. — Silica glass _— Hydrous Hydrous Iron and _ 
magnesia sodium and magnesium 
silicates iron silicates silicates 
ees Blue-white Tan — Green, grey, | Yellow-brown | Yellow-brown | Opaque white 
white 
Fiber Length, in.............] Filament or Staple Staple Crude %-% | Crude %-% 2-11 in. Very short 
staple 
Fiber Width (avg), microns... 5-16 0.75 0.05-1.5 0.1 — — 3 
PHYSICAL PROPERTIES 
Specific Gravity............. 2.54 — 2.54 2.4-2.6 3.2-3.3 3.1-3.25 — 
« 205-212 — _ 80-100 100-300 16-90 _ 
0 2-3.] — — Low Low Low — 
Moisture Abs, %........... Poor Poor Poor Fair Fair Fair Poor 
Spec Hi, Btu/Ib/°F......... 0.1 0.1 0.1 Contains — — one 
14% water 
Specific Heat, Btu/Ib/°F..... 0.157 _ 0.157 0.266 0.201 0.193 — 
Ther Cond (1000 F), 
10“ Btu/hr/sq ft/°F /ft.... _— 330-1000* — 980» — — 190-1170¢ 
Vol Res, ohm-cm........... 2x 10% 10'5 2 x 10" — — — High 
ENVIRONMENTAL 
PROPERTIES 
Acid Resistance.............] Resists all but | Resists ail but | Resists all but Soluble Good Fair — 
hydrofluoric | hydrofluoric | hydrofluoric to 57% 
and hot and hot and hot 
phosphoric phosphoric phosphoric 
Alkali Resistance...........] Dissolves in Dissolves in | Dissolves in Good Good Fair — 
strong strong strong 
Heat Resistance 
Below 600 F............. Exc — — Fair, Loses water at Fair, Little effect, 
embrittles mod temp embrittles | keeps resilience 
Eyer Softens OK Softens 8.4% loss in jEmbrittles,loses|Embrittles, loses OK 
ten str character character 
RR ees NG OK — 26.7% loss in NG NG OK 
ten str 
ik ois Tain dddes NG Shrinks Max 40.5% loss in NG NG OK 
slightly (as felt) ten str 
Te eee NG Shrinks NG 68% loss in NG NG OK 
slightly ten str 
RR ci winie ts seca NG Shrinks NG Embrittles, loses NG NG OK—still 
slightly character resilient 
Fusing Temp, F............. 1500 2500 1500 2770 2180 2550 2800 
aFelted; density 3 lb per cu ft. 
b75 F. 
cFelted. 


aNG = No good. 
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Other Nonmetallics 


Synthetic Fibers 













































































Regenerated Cellulose (rayon) 
Cellulose 
Type » Acetate 66 Nylon Fluorocarbon Polyester 
Viscose (acetate) (Teflon) (Dacron) 
High Regular | Cupram- | Fortisan 
Tenacity* monium 36 
COMPOSITION 
AND FORM 
Chemical Base......... Regenerated Regenerated | Saponified | Cellulose Polyamide Polytetra- Polyethylene 
cellulose cellulose |cell.acetate| acetate fluoroethylene | terephthalate 
ie) ads White — White White White White Brown White 
Fiber Width (avg), 
| ee 10-15 10-43 ll — 11-46 10+ _ — 
Cross Section.......... Irregular — Circular | Irregular | Irregular Circular Circular Circular 
PHYSICAL PROPERTIES 
Specific Gravity........ 15 1.5 1.54 1.52 1.3 1.14 2.3 1.38 
Reg | High | Staple 
Ten Str 
70 F,65% RH, 1000 psi} 85-95 29-47 33-42 138-155 20-25 | 67-85 | 89-108) 60-66 44 85-106 
Wet, % of normal....} 55-65 44-54 59 65-70 60-65 100 100 100 100 98 
| IS 10-20 15-30 10-17 6.2 23-30 | 26-32 | 19-24 | 37-40 24 12-40 
Stiffness, gm/grex..... 25 ll 14 — 5.2 au | 41-47) — —_ 13-25 
Strain Rec (2% strain 
unless noted), %..... 82 82 48 at 5% — 94 100; 100); 100° — 90-100 
75 at 20% 
Toughness Index (rela- 
tive work to rupture). 25 19 14 — 19 56 52 — Good 49-63 
Friction Coef (Self)..... 0.19 — — — 0.29 0.14-0.16 Low -- 
Flammability. ......... Highly Highly Burns Burns Not support Fire Slow burn 
flammable flammable combustion resistant 
ENVIRONMENTAL 
PROPERTIES 
Acid Resistance 
rer Decomposes | Decomposes} Poor Decom- Poor Inert Good at 
. poses low temp 
crs tkecesavtte Strength loss Decom- Poor Dissolved Fair Inert Res 
poses by some 
Alkali Resistance 
Dé adicesvees Swells Swells Swells | Saponifies Good Inert Fair at 
low temp 
Sid eiseteccadd Res (cold) Res (cold) | Res (cold) | Res (cold) Good Inert Good at 
low temp 
Organic Solvents....... Res Res Res Dissolved Generally Inert Res 
by many insoluble “ 
Sunlight Effect......... Weakens Res Res Weakens Weakens Inert Weakens 
Microbiological Res... . . Attacked Attacked | Attacked Res Res Inert Res 


aSuper Cordura. 
bDelayed recovery up to two weeks. 








Synthetic Fibers—concluded 



































Acrylic Vinyl Derivative 
: | Protein 
Type »> | | (Vicara) 
Orion =| Acrilan | Dynel Viryon Saran Polyethylene 
COMPOSITION AND FORM 
Chemical Base............... Polyacrylo- Acrylic Vinyl Vinyl Vinylidene | Polyethylene Zein 
nitrile copolymer | chloride- ; chloride- j chloride (corn 
acrylonitrile vinyl protein) 
copolymer acetate 
Ser rrr rere Cream White Light cream White White White Beige-white 
Fiber Width (avg), microns. ... — — — 16-18 50-1300 150+ 15-30 
i cs cinvensccies Flattened Flattened Flattened Bar bell Circular Circular Circular 
tube tube tube, | 
convoluted | 
PHYSICAL PROPERTIES | | : 
ss cena bi biaes<+'s 1.14-1.17 1.2 | 1.30 1.33 1.68-1.75 0.92 1.25 
Ten Str 
70 F, 65% RH, 1000 psi..... 77 44-66 42-45 35-76 15-45 11-32 17.5-19 
Wet, % of normal.......... 95 80 100 100 100 100 45-55 
BI leeds se ccts eves 16 31 33-38 14-35 20-30 20-80 30-35 
at break 
oul (oriented) 
tiffness, gm/grex........... 28-30 8 6.3 22 nm s 
Strain Rec (2% strain 20 2-12 2.8-3.4 
unless noted), %........... 85 80 97 99 * 
Toughness Index (relative ” a | 
work to rupture)........... 44 32-40 48 30-36 wide bi 
Friction Coef (self)........... — = | _ 0.19 ae ™ “ 
Flammability. ...... ree” Slow burn | Slow burn | Self- Not support | Not support | Slow burn Burns 
jextinguishing combustion | combustion 
ENVIRONMENTAL PROPERTIES 
Acid Resistance 
RS e avi bes ann vanes Inert Inert Res Res Res Res Res to 
10% conc 
EE eT ee ee Inert inert Res Res 
Alkali Resistance | ws > 
hea aiiie nics. osaerd Attacked Attacked | Very res Res Res most Res Decomposes 
; ee eee Fair-good Fair Very res Res Res Res Res (cold) 
Organic Solvents............. Generally Very res | Generally Poor Generally | Generally Res 
res good res; swells good 
ee Very res Res Slight str loss Res Tends to Weakens Res 
ellow 
Microbiological Resistance. .... Res Res Res Res ‘_ Res Res 
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Other 


Nonmetallics 


Natural Fibers 


















































Bast Hard Animal 
Type » Cotton - q 
Flax Jute Hemp | Ramie | Manila | Sisal | Henne-| Wool | Horse- | Silk 
(abaca) quin | hair | 
FORM | 
PS os sais cae decisedve %-2% | 6-40 | 10-60 | 40-80 | 15-25 | 20-40 24 20 1%-15 | 1-25 | Filament 
Fiber Width (avg), microns.......... 17 16 17 20 47 19 19 20 28 | 100 ll 
BRETT TOPE TTTT Tere Flat tube} Tube |Bunched/ — __ |Flat tube| Bunched|Bunched| Bunched| Round | Round | Round 
cells cells cells cells 
PHYSICAL PROPERTIES 
ME UI. onc ccc cccccsccs 1.55 1.50. | 1.48 1.48 1.55 — — — 1.30 1.30 1.60 
Ten Str 7 
70 F, 65% RH, 1000 psi........... 42-125 | 115 — {112-132} 130 125 {100-120}; — 17-28 _— 45-83 
Wet, % of normal................ 120 _ Low Low High High Low Low | 79-97 — 75-95 
hos ini KEK s sso << 00 shad 3-10 3 — 2-6 3-6 2-3 2-2.5 — 25-50 _— 13-31 
Stiffness, gm/grex................. 57-60 270 185 200 167 175 127 — 3.9 — (0.75-1.16 
Strain Rec (2% strain unless noted), %} 74, 65 i74at1yZ — 52 _ _ _— 99+, | 99, 74 
45 at 5% 63at20%|63 at20% 
Toughness Index (relative work 
a as bakccatees oss 14 6 2 4 8 7 5 — 20 _ 44 
Strength Ratio (yarn to fiber)........ 0.45-0.60) 0.38 0.35 0.36 0.45 — _ — (050-055; — — 
Friction Coef (self).............0... ai . om on - - o~ — (0.20050; — | 026 
PN cS ovcGbddacesecss tees Burns | Burns | Burns | Burns | Burns | Burns | Burns | Burns | Slow Slow | Burns 
burn burn 
ENVIRONMENTAL PROPERTIES 
Acid Resistance 
EE Ci 55.0300 beaedendues Poor Poor Poor Poor Poor Poor Poor Poor Res —  |Dissolves 
SS eee ee Poor Poor — Poor — _ — — Res — Fair 
Alkali Resistance 
a go Exc | Good | Good | Good | Good | Good | Good | Good | Poor | Poor |Dissolves 
ee eR Exc | Good | Good | Good | Good | Good | Good | Good |Poor(hot)) Poor | Poor 
Organic Solvents................... Res Res Res Res Res Res Res Res Res | Res Res 
ec r eh ons cadewasaca Good to|Goodto| — |Goodto|Goodto}; — — — |Goodto| — _ | Disinte- 
275 F | 275F 275F | 275F 212F | grates at 
340 F 
RN iiss ed sn eccdeasices Weakens| None | None | None | None | None | None | None |Weakens|Weakens|Weakens 
Microbiological Resistance. .......... Poor |Verygood| Good | Good Exc Good Poor Poor Fair Fair Good 
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Woods and Composition Board 


AMERICAN WOODS: 




















| | Max Crushing Max Crushing 
Hardwood Specific Bending | Str (compr), Softwood Specific Bending Str (compr) 
Type> | Gravity Stress, psi° | psi? Types & Gravity | Stress, psi¢ | psi? 

ON rer 0.60 | 8,900 7,410; 1,410 | Cedar (Port Orford)........ 0.42 7,700 6,470; 760 
0 Ee 0.37 | 5,900 4,730; 450 | Cedar (eastern red)........ 0.47 3,800 6,020; 1,140 
ee 0.64 8,700 7,300; 1,250 | Cypress (southern bald)... 0.46 7,200 6,360; 900 
Birch (yellow)............ 0.62 10,100 8,170; 1,190 | Douglas Fir (coast type)... 0.48 | 8,100 7,420; 910 
Cottonwood (black)........ 0.35 5,300 4,420; 370 | Fir (balsam).............. 0.36 | 5,200 4,530; 380 
eee 0.63 8,000 7,050; 1,520 | Hemlock (eastern)........ 0.40 6,100 5,410; 800 
Gum (sweet red).......... 0.49 8,100 5,800; 860 | Hemlock (western)........ 0.42 | 6,800 6,210; 680 
Gum (tupelo)............. 0.50 7,200 5,920; 1,070 | Pine (eastern white, north- 
Hickory (shagbark)........ 0.69 8,900 8,000; 2,220 ern white)........... ; 0.36 | 6,000 | 4,840; 550 
Locust (black)........... 0.69 12,800 10,180; 2,260 | Pine (longleaf)........... 0.58 9300 | 8,440; 1,190 
Maple (sugar)............ 0.63 9,500 7,830; 1,810 | Pine (ponderosa)......... 0.40 6,300 5.270; 740 
I fc aon aris ncdten 0.63 8,400 6,920; 1,260 | Redwood (virgin)......... 0.40 6,900 6,150; 860 
ee 0.68 8,200 7,440; 1,320 | Spruce (Sitka)........... 0.40 6,700 5,610; 710 
Poplar (yellow)...........) 0.40 6,100 5,290; 580 | 
Walnut (black)........... 0.55 10,500 7,580; 1,250 
Willow (black)............ 0.37 3,900 3,420; 480 











® Test pieces air dried to 12% moisture content. 


b ‘‘Hardwood” refers to deciduous trees (lose leaves seasonally); the term has no relation to the hardness of the wood. 


¢ Static bending stress at the proportional limit. 
4 First value is longitudinal, second is transverse. 


° ‘‘Softwood”’ refers to coniferous trees (retain leaves); the term has no relation to the softness of the wood. 


WOOD COMPOSITION BOARD 

















Hardboard (fibrous)* Particle Board> | Softboard (insulation) © 
s.r eo A P —_ 
| | 
Special | Low | High | | Intermediate 
Untreated | Treated Densified | Density? | Density | Semirigid | Rigid | Density 
PHYSICAL PROPERTIES | | | | 
Specific Gravity............... 0.88-1.04 | 0.95-1.15 1.35-1.45 0.40-0.80 0.80-1.05 0.02-0.15 0.15-0.40 0.40-0.80 
Density, Ib/cu ft.............. 50-65 60-70 85-89 25-50 50-70 15-9 | 9-25 25-50 
Ther Cond, Btu/hr/sq ft/°F/in.} 0.80-1.40 1.50 1.85 0.40-0.80 — 0.24-0.27 0.27-0.40 0.40-0.80 
Water Abs (24 hr), %......... 3-18 3-13 0.3-1.2 5-50 15-40 -- _ — 
Max Linear Exp, %e.......... 0.60 0.40 — 0.40 0.85 — 0.50 1.30 
MECHANICAL PROPERTIES 
Ten Str, psi | | 
Pat. 00 Surfece............. 1000-3000 | 4000-5500 7700 100-1350 300-2500 -- 200-500 800-2000 
Perp to Surface........... _ _- 500 90-400 275-400 — 10-25 _ 
Mod of Elastin Bend, 1000 psi..} 400-800 800-1000 1250 300-700 400-1000 — 25-125 90-700 
Compr Str (par.), psi.......... 1800-6000 | 4200-5300 26,500 _ 3500-4000 _ _ 500-3400 
Mod of Rupture, 1000 psi...... 3-7 7.5-10 10-12 0.4-4.0 3.0-7.5 _ 0.2-0.8 0.4-4.0 























* Made by felting ligno-cellulosic wood fibers formed by steam exploding or mechanical fiberizing. 
> Made of flakes, chips, splinters or particles of wood bonded with synthetic resin or other binder. 
© Made from wood pulp or bagasse (processed sugar cane), bonded by felting properties of fiber. 
4 Does not include extruded board. 


¢ Expansion resulting from change in moisture content from equilibrium at 50% RH to equilibrium at 97% RH. 
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Nonmetallics 


Mechanical Felts 


SHEET AND ROLL FELTS 














Type* Nominal 
+ Density, Typical Applications Classification» 
Ib/cu ft 
SHEET FELT 
EE er a eee 43 Heavy duty grinding and polishing wheels, bumpers 32-S-1, 32-S-2, 
32-S-3, 32-S-4 
Nay Sb Bws.ds 5.0 wanes ed cecbel 35 Polishing granite, marble, glass tumblers; marking pens 26-S-1, 26-S-2, 
26-S-3, 26-S-4 
SD 6b snes deb cacatevesare lates 27 Polishing lenses, mirror and plate glass, and wood; cash carrier | 20-S-1, 20-S-2, 
heads, bumpers, ink rollers, punched wicks 20-S-3, 20-S-4 
are eee eee 21 Wicks, washers, plugs, transfer rolls, polishing blocks 16-S-1, 16-S-2, 
16-S-3, 16-S-4 
I ish 6045 dascne sb eeenes 16 Fine and soft metal polishing, absorbent pads, shock mountings, | 12-S-1, 12-S-2, 
antivibration pads 12-S-3, 12-S-4 
ROLL FELT 
Back Check (F-1, F-2, F-3)............ 21 Washers, bushings, wicks, ink rolls and pads, door bumpers, ; 16-R-1, 16-R-2, 
polishing blocks, wheels and pads, antivibration and dampen- | 16-R-3 
ing pads, window channels, oil and grease shields 
Extra Firm Pads (F-5, F-6, F-7)....... 16 Dust shields, wipers, grease-retaining washers, wicks, anti- | 12-R-1, 12-R-2, 
vibration mountings 12-R-3 
Firm Pads (F-10, F-11, F-12, F-13, F-15) 11.3 Grease and oil retainers, dust shields, sound deadening, chassis | 9-R-1, 9-R-2, 9-R-3, 
strips, pedal pads, dash liners 9-R-4, 9-R-5 
ia sitnnes ctsbs eaeed 9.6 Packing and padding 8-R-16 
Ball Bearing (F-50, F-51)............. 21 Ball and roller bearing oil retainers; small dust-excluding | 16-RX-1, 16-RX-3 
washers; gaskets, liners, other thin cut parts 
NS oo diana hea deseeedent 16 Antisqueak strips; lining cemented to fiber board and metal | 12-RX-3 





panels 





aSAE Spec No. in parenthesis. 








bFelt classifications are based on the construction, i.e., fiber blends or ‘‘mixes,” and density of the material. Several types, serving 
assorted uses, are customarily fabricated in each of the principal classes. 
Standard nomenclature consists of a three-unit code in which the first number indicates the surface density (weight equivalent 
of 1 sq yd 1 in. thick); a letter (“S” for felts fabricated in sheets 36 x 36 in., “R” for felts fabricated in rolls 40 yd long and 60 or 
72 in. wide); and a second number indicating the type of fiber composition, which has a basis in the U. S. Standard wool grade 








classification. 
FILTER FELTS 
Nom Thk, | Density, Mullen Porosity, Air Per- Retention Use 
Type* in. Ib/cu ft Bursting % meability, | Efficiency, 
+ Strength, cfm/sq ft/ Fe 
psi> 0.5 in. HO 
A (all wool)...... Ya, 10 50 93 280 45 Multilayer latex filter 
B (all wool). ..... Ye 9 94 86 235 65 Air conditioning and pollen filtering 
C (all wool)...... eG ll 125 86 130 76 Emulsion and dope 
D (all wool)...... “eg 13 130 86 105 88 Industrial air conditioning 
E (all wool)...... You 14 110 83 70 92 Air compressors; compressed air 
F (cotton blend). . ¥2 ll 225 86 50 94 Cellulose lacquer and organic solvents 
G (all wool). ..... Ho 17 220 66 30 96 Oil and fuel 
H (all wool). ..... “Ye 20 145 79 28 98 Industrial respirators and masks 
1 (all wool)...... “Ye 22 120 79 13 99 Biochemical air intake filters 
J (silk blend). ... Vg 30 235 62 2 100 Toxic dusts, fumes and mists 


























aFilter felts are made of special wool fiber blends chosen for their ability to make a felt of specific porosity, permeability and retention 


characteristics. 
bASTM D461-53. 


cRetention of 0.7 micron mean dia mineral dust at rated permeability. 
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ROLL FELTS: 


























Breaking Splitting Resistance Solubles, % 
Nom Thk, | Density, Strength, psi (2-in. width), Ib 
SAE in. Ib/cu ft Wool Ash, % 
Spec No. Content, %| Carbon 
+ L> we Lb We Tetra- Water Com- 
chloride bined 
| ee ae: 22.1 810 835 38 36 98 0.9 0.9 1.9 0.5 
ee 19.3 850 720 42 44 98 0.8 1.5 2.3 0.6 
SS eee ee 20.0 450 490 26 24 94 2.1 1.7 3.8 1.2 
ever 20.1 475 550 32 29 95 2.1 1.2 3.3 1.0 
Ser Ee 15.0 640 450 18 18 98 1.1 1.4 2.4 0.7 
Tees 6eueeaa 15.4 640 565 21 19 97 0.6 1.6 2.2 0.6 
Serre «ae 11.4 380 280 g 8 98 0.6 1.1 1.8 0.6 
ices ca be 11.0 400 325 8 8 98 0.5 1.3 1.8 1.0 
| eee ds od nigea 11.8 310 230 8 9 94 3.1 1.6 47 + 120 
DP ic5s wnat 12.2 300 240 SS) 9 94 3.7 1.2 49 0.9 
nie sat Ta ci ami 10.7 170 130 6 5 86 1.6 2.8 44 1.8 
ae 11.2 180 130 4 4 88 1.7 2.8 45 1.9 


























*Typical test data obtained by ASTM D461 methods; not specifications. 
F bL—lengthwise; W—transverse. 










































































Abrasion Wear, Oil Absorption and Capillary Flow 
¥% decr in thk* (SAE 20 oil, 70 F) 
Coef of Static 
Friction> Oil Wicking Rat Ther Cond (K), 
SAE Load, 0z/sq in. Oil a elraentane Btu/hr/sq ft/ 
Spec No. Absorption °F /fte 
a (24 hr), 
Oiled | %wtincr 
3.8 | 7.0 | 10.2 | Wood | Glass | Metal | Metal 5 10 15 30 60 90 | 120 
i Pee 10 | 2.3 Zhi oe | ae i ai 8 185 05 | 0.7 | 08 | 11 | 16 | 20 | 22 0.030 
Fee 2.1 | 2.1 te oe Be eee 265 Set Gs i tei bei bet tet ee 0.030 
P.§...... 3.0 | 3.0 6.0 | .37 | .26 | .22 | .18 320 0.6 | 08 | 10) 13 | 17 [ 19 | 20 0.025 
F-1§..... 41 | 76 | 185' — — — _— 570 06 |} 09 | 11 12141 161 «181 «19 0.020 
aFelt-to-felt, 10,000 rubs, 8-in. stroke. bFelt against material indicated. 


¢l-in. felt. Thermal and acoustical felts blended with Kapok fiber nave tested values of 0.21 K factor and 0.80 sound absorption coeffi- 
cient at 512 cps for 1-in. thicknesses of 3.2 lb per sq yd weight. 





SAE Spec No.* F-1 F-3 F-5 F-10 F-11 F-15 
* (21) (21) (16) (11.3) (11.3) (11.3) 





Load, | Compr | Load, | Compr | Load, | Compr | Load, Compr Load, Compr Load, Compr 
psi Set, % psi Set, % psi Set, % psi Set, % psi Set, % psi Set, % 









































Deformation, % 
EE 21 1 13 1 6 l 4 l 4 l 3 ] 
ee 110 4 93 6 4} 4 9 3 15 4 10 4 
inten eatscenis 480 ll 420 12 215 10 58 9 72 9 64 10 
27,900 53 21,200 55 7750 53 2380 40 2620 42 3420 eS 





aDensity (Ib per cu ft) given in parenthesis. 
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ADVANCED 


MATERIALS 


A —— 


TECHNOLOGY 


THESE CARBORUNDUM ADVANCED MATERIALS MAY HELP YOU SOLVE A DESIGN PROBLEM 


\ 
\ 


‘ai 





Out of hundreds of new materials, many of which have come from electric furnaces, the 6 


listed here offer unique advantages. A glance at the tabulation below will show why.. . 





MATERIAL 


PROPERTIES 


FABRICABILITY 


FORMS AVAILABLE 


TYPICAL APPLICATIONS 





BORON CARBIDE 

An extremely hard 
abrasion-resistant 
material produced 
by the reduction 
of boric oxide 
with a low ash 
source of carbon. 


Extremely hard, 9.3 Moh’s scale; good high 
temperature properties; practical working 
temperature to 4100 F in inert atmosphere, 


1000 F in oxidizing atmosphere. Hot pressing: 


or sintering produces good mechanical 
strength, high strength/weight ratio; brittle, 
subject to thermal shock; chlorinates readily 
in fixed or fluid bed reactors at about 1000 C. 


Can be formed into solid 
shapes by hot pressing 
or sintering. 


Solid, grain and 
powder form. 


Lapping of hard metals; 
mold polishing and rough 
machining; ultrasonic 
machining; reactor 
shielding; reactor con. 
trol rods; chemical (fuel, 
feed material). 





BORON NITRIDE 
An easily ma- 
chined, imperme- 
able ceramic ma- 
terial with unique 
electrical and cor- 
rosion resistance 
properties for use 
up to 3000 F. 


Density, gms/cc — 2.10 min. (true density, 
gms/cc — 2.25); working temperature: inert 
atmosphere, solid — 3000°F. max.; powder — 
5000°F. max.; oxidizing atmosphere, solid — 
1800°F. max.; powder — 1300°F. max.; dielec- 
tric constant — 4+; dielectric strength — high; 
electrical resistivity — high; coefficient of fric- 
tion — low; thermal shock resistance — excel- 
lent; permeability — negligible; flexural 
strength — good; hardness, Moh’s scale — 2. 


Can be machined at high 
speeds without lubricant 
with standard steel cut- 
ting tools. May be 


threaded or otherwise ' 


physically joined to form 
strong, sizeable assem- 
blies. 


‘Solid and powder 
form. Has hexag- 
onal crystalline 
structure similar 
to graphite. 


Vacuum tube separators; 


dielectric applications; 
electrical insulators: 
chemical equipment 


parts; molten metal 
pump parts; combustion 
chamber liners; melting 
crucibles; thermocouple 
protection tubes; mold 
release agents; gaskets; 
seals; rupture discs. 








KT SILICON 
CARBIDE 
Extremely hard, 
self-bonded im- 
permeable ceram- 
ic for use up to 
4000 F. 


Very hard; negligible permeability; exceptional . 


abrasion and corrosion resistance; working 
temperature to 4200 F in inert atmosphere, to 
3000 F in oxidizing atmosphere; high modulus 
of elasticity, flexural strength, compressive 
strength, thermal conductivity; low thermal 
aanewren: excellent resistance to thermal 
shock. 


Standard ceramic form- 
ing techniques can pro- 
duce large intricate 
shapes to .007” tolerance 
on unground surfaces 
and to .001” on ground 
surfaces. Diamond grind- 
ing necessary for finish 
machining, can produce 
very high surface finish 
(5 micro-inches). 


Solid form. 


Wear-resistant parts; 
crucibles; heat ex- 
changer parts; valves for 
corrosives; pipe and fit- 
tings; nuclear reactor 
structural parts; rocket 
nozzies; nose cones; 
leading edges. 





FIBERFRAX® 

A fibrous insula- 
tion medium 
above the practi- 
cable temp range 
of mineral wool, 
glass & asbestos. 


Melting point over 3000 F; maximum use 
temp 2300 F; low thermal conductivity; cast- 
able forms exhibit exceptional thermal shock 
resistance. 


Extremely diverse fabri- 
cating possibilities due 
to wide variety of forms 
available. 


Bulk; long & short 
staple fiber; batts; 
board; paper; 
blocks; castable 
compositions; 
molded shapes; 
roving; yarn; wick- 
ing; rope; tape; 
cloth; braid. 


Thermal, acoustical and 
electrical insulation; 
high temperature gas fil- 
ters; gaskets; packings; 
liners for aluminum 
pouring troughs; vacuum 
outgassing of reactive 
metals; protective cush- 
ion in honeycomb braz- 
ing; protective coatings 
for metals and graphite. 





REFRAX® 
Silicon-nitride- 
bonded silicon 
carbide. 


Average bulk density: 2.87; porosity: 7.9%; 
thermal conductivity @ 2200 F: 113.5 Btu; 
modulus of rupture @ 1350 C: 5640; excellent 
abrasion resistance; very high relative resist- 
ance to spalling; not wet by molten silver, cop- 
per or aluminum; good thermal shock resist- 
ance. 


Can be formed into com- 
plex shapes with toler- 
ances as low as .005”/in. 
possible without finish 
grinding. For closer tol- 
erances, lap or grind 
with diamond abrasives; 
drill or bore with ultra- 
sonic methods. 


Brick and shapes 
in many instances 
resembling metal 
in characteristics. 


Brazing fixtures; pumps 
and pump parts for 
aluminum and other 
nonferrous metals; 
burner tips; nozzles and 
blocks; cyclone-type clas- 
sifier parts exposed to 
abrasive materials sus- 
pended in liquid and gas 
carriers; acid spray 
nozzles. 








STUPALOX® 

A ceramic oxide 
cutting tool ma- 
terial. 





Composition: aluminum oxide; hardness Rock- 
well “A’’: 92; compressive strength: to 450,000 
psi: transverse rupture strength: to 100,000 
psi. 





Diamond Grinding. Lap- 
ping. 


All Standard Tool 
Shapes. Special 
Die and gage 
shapes. 








Cutting tools; wear parts; 
dies. 











temperature, 


Get your free subscription to industry’s most thought-provoking publication 


ADVANCED MATERIALS TECHNOLOGY 
The Science of Materials for Profit 


“ADVANCED MATERIALS TECHNOLOGY” is a extreme abrasion and corrosion 








new quarterly publication devoted to news and 
ideas for all concerned with finding new mate- 
rials and methods to meet severe service 
applications. It deals with problems of high 


Where conventional materials fa . 


CARBORUNDUM 


and new ways to combat them. To get your 
name on the free subscription list, write to 
Carborundum, Research & Development Division, 
Dept. MD 108, Niagara Falls, N. Y. 


. . Call on 





REGISTERED TRADEMARK 


For more information, turn to Reader Service card, circle No. 627 
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High Alumina 
Ceramics 


Fast delivery of 95% and 85% High Alumina, to your rhost 
critical specifications, is assured by Centralab’s new 80 foot 
continuous kiln. First of its design in the United States, this 
new kiln is capable of producing 21 tons of exceptional 
quality High Alumina every month. Consistent reproduction 
of electrical and physical properties from batch to batch 
is guaranteed. 


Superior Electrical Properties 
at High Frequencies 


Extremely stable dielectric constant and a power factor of .00045 
at 9000 megacycles (see graphs of Bureau of Standards tests 
below) make Centralab Body 206 (95% alumina) your logical 
choice for all types of high reliability electrical and electronic 
applications. 


-00100 


POWER 
FACTOR 


-0005 


-o 


DIELECTRIC 
CONSTANT 


LOSS 
FACTOR 





0 1mCc 1OMC 1OO MC 1,000MC 10,000MC 


For complete specifications and design data write Centralab or 
consult Sweet’s Product Design File (folio 4 a/ce). 


Centralab/ 


A DIVISION OF GLOBE-UNION, 





INC. 
946F E. KEEFE AVE. « MILWAUKEE I, WIS. 
In Canada: 804 Mt. Pleasant Rd. + Toronto, Ontario 


VARIABLE RESISTORS © SWITCHES @ PACKAGED ELECTRONIC CIRCUITS 
CERAMIC CAPACITORS e ENGINEERED CERAMICS @ SEMI-CONDUCTOR PRODUCTS 


For more information, turn to Reader Service card, circle No. 558 
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CREATIVE 
IMAGINATION 
PAPERS’ 





% Mix cork in paper to make 
a gasket? HOW! Paper is made from 
a liquid batch. Cork floats. So how do you 
distribute it evenly throughout the batch? 
The Garlock Packing Co. came to Knowl- 
ton and the problem was solved. The 
resulting gaskets seal better, last longer, 
cost less. 


KNOWLTON LIKES THE JOBS 
THAT STUMP OTHERS! 


Beginning where others give up is a spe- 
cialty with Knowlton, Perhaps you think 
that paper could never be made for the 
specific use you have in mind. But con- 
sider paper’s fundamental characteristics: 
relative lightness, economy, availability, 
uniformity. 


Sharpen Your Pencil... 
and Look Again! 


Paper-base components may well cost you 
a tiny fraction of components made of 
metal, cloth, glass, or plastics. And they 
may also give you vastly improved per- 
formance. Let Knowlton’s research, tech- 
nical and pilot-plant facilities solve you 
— simply, efficiently, and economi 
cally. 


A Few Conventional Uses of Knowlton Papers 
Toes 


Conduct Dialyze Cushion 
Laminate Shape Rupture 
Copy Insulate Shield 
Contain Record Synthesize 


Development Possibilities are Unlimited. 


WRITE for free copy of 
the helpful book, “Crea- 
tive Imagination in the 
Development of Technical 
and Industrial Papers.” 
PHONE or WIRE for 4 
sales engineer to call. 


Lv lkin 


__ /lnou 


» a sphecd 


Dept. 510, WATERTOWN, N. Y- 









For more information, circle No. 523 
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WHERE 
AND HOW TO 
USE 


FELT AND 
NON-WOVENS 


Felters’ Cut Part serves as combinagi 
gasket, dust and light shield for t 
on Plymouth Pushbutton Shift Bé 


(e. 


Felters’ range of non-woven and felted-type fabrics 
offer wide combinations of characteristics not found 
in any other material. 


These fabrics can be made tough, stiff or dense, as 
required. Also water repellent, flameproof, and moth 
and mildewproof. Ideal for absorptive wicking and 
filtering applications. 


Synthetics, too, are giving non-wovens new uses and 
properties, particularly in smoothness, abrasion 
resistance, and long life. 

Free Design Book gives technical Call on Felters for all types of felt and non-woven 


data on design properties, special , , ‘ ‘ ‘ 
treatments aan dulaation. Send for fabrics, including special treatments, impregnations 


your copy. and fiber mixes. 


—— 


felt insert 


AllFab is a special Feiters’ non-woven Felt Pads (Prelubricated) proion Hi-Fi Sets Use Felt in a number of 
fabric. Has vagy ne ene resin binder bearing life! Special tests show that oi places. Record changer drawers slide 
and can be electronically stitched, saturated feit rings provide a built-in on aluminum channel with molded in 
sealed and embossed. Available in **slow bleeding’’ action to lubricate feit insert. This provides light compres- 
wide range of fiber combinations in bearings. Functions over wide temper- sion fit, eliminates resonant metal-to- 
thicknesses from \.6" to 1” and more. ature range at speeds up to 10,000 metal contact, absorbs vibration and 
Used for backing, filling, and plumping. rpm, without excessive starting fric- insures smooth action. Special felt 
Available with synthetic mixes such as tion at low temperature or poor stabil- lined payor legs eliminate floor vibra- 
Orion®, with varying degrees of “‘loft."’ ity at high temperature. tion which affects performance. 


the FELTERS company 


220 SOUTH ST., BOSTON 11, MASS. 
Pioneer producers of Felt and Felt Products 


Fer more information, turn to Reader Service card, circle No. 570 
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DON'T OVERLOOK 
7BON/GRAPHITE! 


No Other Material Can Do 
ANY of These: 


* Withstand immersion in water from 4,000°F 
without cracking. 


Resist surface atmospheric action while retain- 
ing constant and reproducible contact resist- 
ance. 


Be readily processed to provide.low friction 
(graphite) or high friction (carbon) or any de- 
sired intermediate value. 


Withstand electric arcing in contacts, lightning 
arresters and similar applications without ap- 
preciable dimensional changes. 


Serve as an electrical conductor which is readily 
machinable and can operate satisfactorily up 
to 6,000°F. 


No Other Material Can Do 
ALL of These: 


Resist corrosive action of most gases and 
chemicals. 


Serve as a semi-permanent, readily-formed 
mold for casting metals or glass. 


Act as a seal ring around a moving shaft to 
retain liquids and gases. 


Operate as a sliding contact on commutators 
and slip rings. 

Serve as a bearing material for vacuum appli- 
cations or as an insert in ordinary bearings. 


Operate as a friction unit in constant-speed 
clutches. 


Serve as a non-welding contact, either by itself 
or in combination with other metals. 


STACKPOLE CARBON COMPANY, St. Marys, Pa. 


+ + 4H H 4 H FH 


“EVERYTHING IN CARBON BUT DIAMONDS" 


SEAL RINGS e BEARINGS e ROCKET NOZZLES e ELECTROCHEMICAL CELL ANODES e@ FLUXING 
TUBES @e BRAZING BOATS & TRAYS e CATHODIC PROTECTION ANODES e RISER RODS # VOLTAGE 
REGULATOR DISCS e ELECTRICAL CONTACTS e HEATING ELEMENTS & ELECTRODES e TUBE 
ANODES e BRAZING TIPS e RUN-OUT TABLE SLABS © MOTOR & GENERATOR BRUSHES @ FRICTION 
SEGMENTS @ PUMP VANES ¢ POROUS CARBON . . . and many more. 


For more information, turn to Reader Service Card, circle No. 483 
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Formore data on 


wooD 


INDUSTRIAL FIBERS 
GLASS 


Reprints of MATERIALS IN DESi¢6n 
ENGINEERING MANUALS on these 
engineering materials are now avail. 
able at 35¢ per copy. Each Manual! 
is a complete and comprehensive 
discussion to guide you in materials 
selection and use. If you would like 
copies, write today. 


“Wood and Wood Base Materials,” 1¢ 
pp. Modern technology has greatly 
broadened the range of forms in which 
wood is available which, in turn, has 
multiplied its fields of application. This 
manual reviews wood as an engineering 
material and covers the properties, sizes, 
grades, and uses of Commercial Wood 
Reconstituted Wood, Laminated Wood. 
Wood Pulp and Paper, Modified Wood, 
and Cork. 


“Industrial Textile Fibers,’’ 16 pp. Tex- 
tile fibers are engineering materials. 
But not until recent years—since the 
rapid development of synthetics—have 
they been treated as such. This manual 
takes the engineering approach to the 
selection of, and designing with, fibers. 
It covers the characteristics, properties 
and uses of: Natural fibers; Mineral and 
Inorganic fibers; and Man-made fibers. 


“How to Select and Specify Glass,” 16 
pp. To select a glass intelligently you 
must know how the properties of glass 
differ from those of other engineering 
materials, and what combination of 
properties each type of glass has. 10 
design and specify glass parts economic: 
ally, you must know in what form each 
combination of properties is commer 
cially available. This manual aids the 
designer or engineer in selecting glass 
by providing: Physical and Mechanica 
Properties; Forms Commercially Avail! 
able; General Design Recommendations, 
and Characteristics of Specialty Glasses. 


For copies of M/DE Manuals 
at 35¢ each, write to: 


Reader Service Department 


MATERIALS IN DESIGN ENGINEERING 
430 Park Avenue, New York 22, N. Y. 
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UP TO 99.99% 


if if uses 
WESTERN FELT! 


Such efficiency is possible in a Hersey reverse- 
jet filter with particle size of 5 microns and a 
pressure drop of 1% inch of water. 


Felt can be used to filter solids from solids, 
solids from liquids, or solids from gases. It is 
used effectively in fuel filters, air filters, 
chemical filters, respirators, or dust collectors. 








how much Dust 
can a filter 
collect? 






Microscopic barbs on the live fibers of 
Felt make felt the ideal filtering medium. 
These scales collect and hold dust parti- 
cles. They also encourage “build-up” or 
caking which actually increases filter effi- 
ciency. At the same time, their natural 
interlocking action holds fibers tightly 
together, through years of flexing. 


For helpful engineering information on filtration 
felts, write 


WESTERN 


Dept. D 
4021-4139 Ogden Ave, 


Chicago 23, lll. 








MANUFACTURERS AND CUTTERS OF WOOL FELTS 


For more information, turn to Reader Service card, circle No. 498 
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For more information, turn to Reader Service card, circle No. 533 


If you want paper of 


EXCEPTIONAL 
UNIFORMITY 





NMOSINEE 


will make it to your 
EXACT SPECIFICATIONS 


for rofevaal -11-3¢- Pabseodmeat-tdlolamme aahe— 


ie Oe a = 


PAPER MILLS COMPANY 


Mosinee, Wisconsin 











and APPLICATIONS , 








*made to S.A.E. and 
Federal Govt. Specifications 


SEE HOW 
FELT 
FITS IN 
WITH YOUR 


PRODUCTS 
Ask for booklet 











See why 


CONTINENTAL FELT 
fills hundreds 





of jobs daily T 


CONTINENTAL E Exlul COMPANY. wc 1905 


4 WEST 15th STREET NEW YORK 11. P 





For more information, turn to Reader Service card, circle No. 518 


250 « MATERIALS IN DESIGN 











ENGINEERING 


Formerly Materials & Methods 


Just Published! 


Effects of 
RADIATION 
on Materials 


Edited by J. J. HARWOOD, U. S. Office of Naval 
Research; HENRY H. HAUSNER, Consultant to The 
Martin Co.; J. G. MORSE, Nuclear Div., The Martin 
Co.; and W. G. RAUCH, U.S. Office of Naval Research 

1958, 362 pages, $10.50 


The changes that radiation produces in metals, ceramics, 
plastics and a wide variety of other materials are thor- 
oughly covered in this momentous new book. It contains 
the papers delivered at the radiation effects colloquium 
jointly sponsored by the Office of Naval Research and The 
Martin Company at Johns Hopkins University in March 
1957. 

Twelve leading authorities analyze the results of their 
own actual experiments with various materials. Solid state 
physicists classify fundamental and qualitative effects 
according to type. Metallurgists and chemical engineers 
make a quantitative evaluation of radiation effects on 
physical properties. The book also includes current con- 
cepts of radiation effects and discusses experimental] ap- 
proaches to radiation studies. 

The outstanding authorship, and the subject’s time- 
liness and importance establish this book as a milestone 
in technical literature. An extensive bibliography brings 
together the enormous amount of literature on the subject 
from every part of the world. 


CONTENTS AND CONTRIBUTORS: 


Defects in Solids and Current Concepts of Radiation Effects—G. J. 
DIENES, Brookhaven National Laboratory. 

Experimental Approaches to Radiation Studies—Radiation Sources and 
Desimetry—J. C. WILSON, Oak Ridge National Laboratory. 

Radiation Effects on Physical and Metallurgical Properties of Metals and 
Alloys—E. S. BILLINGTON, Oak Ridge National Laboratory. 

talieeune of Radiation Upon Corrosion Behavior and Surface Properties 
of Metals and Alloys—M. SIMNAD, General Atomics. ; 

Effects of Radiation on Electronic and Optical Properties of Inorganic 
Dielectric Materials—R. SMOLOCHOWSKI, Carnegie Institute of Technology. 

Effects of Radiation on Semiconductors—H. Y. FAN and K, LARK: 
HOROVITZ, Purdue University. 

Cores, Liquid Coolants and Control Rods—C. E. WEBER, General Electric 
Co. (Knolls Atomic Power Laboratory). 

Moderators, Shielding and Auxiliary Equipment—G. R. HENNIG, Argonne 
National Laboratory. 

Ore ey Techniques and Current Concepts—Organic Substances— 
M. BURTON, University of Notre Dame. 

Effects of Radiation on Behavior and Properties of Polymers—A. CHARLES- 
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| Silicone rubber for wire insulation adds improved 
A physical properties to excellent electrical properties 
n Always valued for its high performance electrical characteristics 
h at high temperatures, silicone rubber insulation for wire now 
has improved physical properties. A true elastomer, GE silicone 
0 rubber is suitable for thin wall (.012”) wire construction, does 
, not tend to cold flow under clamps, can be bent double without 
. cracking, stays flexible down to —150°F. 
8 Even when exposed to a direct flame, G-E silicone rubber still 
n insulates, won't release toxic fumes. Withstands current overloads 
9 of 300%-400%, provides a safety margin for intermittent high 
h temperature operation in Class B equipment. Excellent dielectric 
: strength stays high throughout life; service to 500°F—and to 
r ql 600°F for shorter periods. Features high ozone, moisture and 
e E weather resistance, long shelf life. 
: / ee i 
S i No damage occurs when you wrap silicone rubbér insulated 
n 1 — Tube containing wire around a hot soldering iron, proof of silicone rubber's 
- silicone fluid projects remarkable heat resistance. 
a into skillet 
2—Piston rod transmits New appliance thermostat uses silicone fluids for 
- Span oF er faster, closer temperature control 
e tion of silicone fluid : 2 2 ee eee 7 
§ et oO pee y Oo Cn General Electric silicone fluids, because of their high coefficient of 
t rent lor chose temperature central expansion and thermal stability, make _ possible the extremely 
accurate temperature control provided by the new G-E appliance 
thermostat. Reaction time is faster than with bimetallic elements; 
cost fully competitive. 
This is only one example of creative engineering with G-E sili- 
. cone fluids. Their unique properties—small change in viscosity 
4 with temperature, chemical inertness, excellent resistance to shear, 
oxidation and high-temperature breakdown—make them ideal for 
: such applications as dash pots, vibration dampers, heat transfer 
: fluids, fluid transmissions, etc. 


New silicone rubber cures without heat, keeps 
physical and electrical properties to 600°F 


Need to seal or caulk metal glass or plastic parts? Encapsulate 
or pot delicate assemblies? Mold silicone rubber parts in place? 
. Patch or repair rubber parts? Need a flexible, heat resistant, 
accurate, self-releasing mold for low-cost plastic tooling or 
model making? 
New G-E RTV (room temperature vulcanizing) silicone 
rubber will do all this and more. Cures without voids at room 
temperature in any time you select up to 48 hours. Stable up 
to 600°F. Tough, elastic, bonds well to primed surfaces. Has 
good resistance to fluids and fuels. Viscosities from very pour- 
able to spreadable. Solvent free—shrinks less than 0.2% while 
curing. Write for technical data. Samples available for evalua- 
tion—just give us a brief description of your application. 





] 
Sample mold of complex part reproduced exactly, including 
undercuts. RTV cures without voids, without shrinkage. 
. Write for more information SE EE UE EE Tee 
Section D10, Silicone Products Dept. 
General Electric Company, Waterford, N. Y. 


Gemenat @ trectaic 





[_] Silicone Rubber Wire Insulation [-] Silicone Fluids 
[_] Silicone RTV Rubber | 


Name Title 








| Please send me furiner data on: 





GENERAL ELECTRIC! win’ | 


Silicone Products Department, Waterford, New York 
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Graphite Specialties 
Can Solve 
Difficult Problems 


Custom grades of graphite are 
regularly formulated by Graphite 
Specialties Corp., and furnished 
in extruded, molded and ma- 
chined shapes to close tolerances 
to meet a wide range of difficult 
applications . . . OR GSC may 
be able to provide one of their 
many existing formulations to 
meet your requirements. 


GRAPH-I-TITE: A collection of 
unique properties in one materi- 
al, so valuable for such a wide 
diversity of uses, that GRAPH-I- 
TITE is furnished in two grades 
in standard sizes of rod and 
tube, as well as machined shapes. 
GRAPH -I-TITE possesses uni- 
form high density .. . low 
permeability . . . immunity to 
thermal shock . . . resistance to 
corrosion at extremely elevated 
temperatures . . . and is not 
wetted by molten metals. 


CARBO-TITE: Similar to 
“Graph-i-tite” except a carbon, 
rather than graphite base, and 
Carbo-tite is as hard as glass, and 
features a relatively low rate of 
thermal conductivity. 


NUCLEAR: Purity grades to spe- 
cified density for lowest neutron- 
capture cross section; highest scat- 
tering cross section for modera- 
tor, fuel elements, structural parts 
and piping and related equip- 
ment. 


METALLURGICAL: Custom 
shapes and grades of graphite 
for special molds, dies, crucibles, 
boats, etc., for the chlorination 
of metals and other difficult ap- 
plications. 


MISSILES & ROCKETS: Recent 
developments make special 
grades of graphite particularly 
promising for nose cones, rocket 
nozzles and similar high temper- 
ature, high erosion applications. 


MECHANICAL: Grades availa- 
ble with specified properties in- 
cluding temperature resistance to 
5700°F., hardness to 5-+Mohs 
for bearings, seal rings, seats, etc. 


FURNACES: In addition to 
graphite components for resist- 
ance and induction furnaces, 
Graphite Specialties Corp. de- 
signs, manufactures and installs 
complete ultra-high temperature 
furnaces for heating requirements 
as high as 5700°F. 


CHLORINE HEATERS: Special 
furnace development has led 
naturally to manufacture of what 
is believed to be the first prac- 
tical type of chlorine heater for 
any temperature requirement to 
5700°F. 


Write to GRAPHITE SPECIAL- 
TIES CORP., 64th & Pine Ave., 
Niagara Falls, N. Y. 
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You can get 





| Heat, abrasion, corrosion, chemical are applying McDanel ceramics to 
action, or other deteriorating factors a wide variety of difficult applica- 
| present on your project? McDanel tions with good success. Our engi- 
specially-developed ceramics could neers develop special dies, designs, 
be the answer. Scientists, physicists, even mew processes to suit your 
research and development engineers particular need. Try ceramics. 


REFRACTORY PORCELAIN COMPANY _ special to us. 
BEAVER FALLS - PENNSYLVANIA 





more copies of the 


MATERIALS SELECTOR 


for members of your staff. 
Or, if this isn’t your own copy 


and you would like one 


See page 481 for complete details 


Let us study a sketch 
of your application. 
Your inquiry is 
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IS GLASS 


a bulletin of practical new ideas 








How to get ahead 

with infrared 

hact: Every object whose temperature is 
‘hove absolute zero (—273°C.) radiates 
infrared energy. 

Additional fact: Considerable effort has 
been poured into developing mechanisms 
for detecting and utilizing infrared. 

Among the more dramatic have been 
numerous devices for the military— 
items used for target detection, missile guid- 
ance, and mapping. 

These tasks were once the unchallenged 
province of radar, though infrared is 
older, having been used after World War I 
in some experimental aircraft spotting. 
And while radar was the /ig weapon in 
World War II, the Germans used infrared 
both to supplement it and to counter 
Allied chaff. 

Since then infrared technology has 
advanced rapidly. Today it is reported to 
be less expensive, less complex, and more 
discriminating than radar for some 
applications. 

Our interest in infrared techniques 
centers on optical materials and design. 
Historically, glass has been the approach 


to selective handling of varied forms of 


radiant energy. Today, special glasses 
still hold the key to such control. 

For example, three special Corning 
glasses are eminently suited to infrared 
transmission. 

100 

90 

80 


70 


TRANSMITTANCE PERCENT 
$ 





1.5 2.0 2.5 3.0 3.5 40 
WAVELENGTH MICRONS 


Infrared transmitting curves for three Corning 
glasses are shown for the 1.5 to 4.0 microns 
range. 


Glass 0160, a crystal white form, can be 
made into flat plates, pressed, or blown. 
Glass 2540 is red and is stocked in flat 
plate only. 

The third glass is 7905, one of the 96% 
silica glasses from which Vycor brand 
products are made. Along with its infra- 
red talent, this glass has: (a) capacity to 
operate continuously at high tempera- 
tures; (b) exceptional resistance to chemi- 
cal attack; (c) ability to stand up to 
thermal shock. 

(Note: Other 96% silica glasses share 
these characteristics but possess different, 
though equally useful, optical properties.) 

Suggestion: If infrared maneuvering is 
ene of your “hot” problems, write for 
details on the three glasses mentioned. 
Or, if the other diverse talents 2f the 





Vycor group of glasses seem attractive, 
ask for Bulletin B-91. It provides all the 
pertinent data, plus facts on applications. 


Small fanfare for a 
BIG development 


Lighter than aluminum. . 
tempered plate glass . . 
carbon steel. 

More? Electrical properties compare 
favorably with the best ceramics; coeffi- 
cient of expansion can be positive, nega- 
tive, or zero; stays rigid at temperatures 
that warp steel and melt copper; immune 
to the corrosive destruction of many 
chemicals. 

What is it? PYRocERAM—the trademark 
for Corning’s new crystalline materials 
made from glass. 

Aside from their many remarkable 
properties PyroceERAM materials offer 
this important advantage: they can be 
worked by many conventional glass forming 
processes. To wit: 


. Stronger than 
. harder than high 





PYROCERAM, Corning’s new crystalline material 
can be worked by many techniques. Large dish 
was blown; shallow dish, pressed; tube, drawn; 
and blade made by investment casting. 


First commercial application for these 
revolutionary new man-made materials 
is in nose cones for guided missiles. What 
else? Send us your ideas. Also ask for 
PyROCERAM Progress Report No. 2. It 
compares four forms of PyrocERAM with 
four glasses, three ceramics, and _ five 
metals. Other reports will follow. 


7 


ee Coming eeatid redeatch tat CLuld----—--—--------— 
CORNING GLASS WORKS, 50-10 Crystal Street, Corning, N. Y. 


Please send me the following material: “This ls Glass” [_]; Bulletin B-91—"Vycor Brand 
Industrial Glassware” [_]; PYROCERAM Progress Report Ne. 2[_]; B-83 (revised) —“Proper- 
ties of Selected Commercial Glasses” [_]; Infrared Transmitting Glasses (_]; IZ-1 —“Glass, 
its increasing importance in product design” [_]. 











Take a pie plate. But make sure it’s 
Pyrex brand. 

Remove the usual household markings 
and modify the shape just a bit. Vorla’ No 
longer do you have a kitchen utensil. 
Instead? A right-sized, right-shaped win- 
dow. For? Ovens, washers, dryers. 

This metamorphic approach to com- 
ponent design and procurement offers all 
the advantages of Corning’s long expe- 
rience in mass production. 

For example, the appliance maker who 
uses the pie-plate-like window gets a 
reliable, economical supply source— 
without the time and money usually 
required for development, expansion, 
and tooling up. 

And, he gets a rugged window that he 
can install and se/l with confidence. 

The adapting or making something 
new from an already-existing item is a 
wide open field at Corning since some 
40,000 available products are con- 
sidered standard! 

Still, there’s no denying that many of 
our most successful ventures have resulted 
from combining our know-how with cus- 
tomer skill and need. Result? Custom 
design and fabrication of many, many 
components and products. 

Want to try your hand? You might 
start by perusing “‘ This Is Glass,” a well 
illustrated primer. Or outline in a memo 
to us what’s on your mind. At least put 
these informative brochures in your 
ready-reference file: B-83 (revised)— 
‘Properties of Selected Commercial 
Glasses”; IZ-1—‘‘Glass, its increasing 
importance in product design.”’ One, or 
all free. 


a 














Name Title 

Company 

Street 

City Zone State 





| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
1 
| 
| 
| 
| 
| 
| 








Ne ee es es ee es eee es = Ct ee oe oe oe ee ee ee 


For more information, turn to Reader Service card, circle No. 590 


MATERIALS SELECTOR ISSUE, 1958-59 « 253 








PHOTO REPORT: 



















Never before has FELT been able to provide 
such a wide range of properties — for such 
applications as seals, filtering and cushioning! 
And Felters is continually experimenting with 
many combinations to provide designers with 
more and more versatility in felt, including 
use of the newest synthetics and plastics. 


What do you want FELT to do? 

Felters has pioneered in producing felts which 
have unusual properties for special 
applications. 

Let Felters help you make felt do more jobs, 
more efficiently — with special treated or 
standard Cut Parts. Specific technical service 
is available from any Felters office. 


Send for Design Book... 
for a complete digest of basic 
data on felt properties and uses. 


SPECIAL 
FELT 
TREATMENTS 
Increase Life, 
Improve Properties 
for Seals, Filtering 
and Cushioning 


FELTER, 





Felters’ Nylon-treated all wool Felt pro 
vides extra wear, superior resistance to 
orp ailel-ammmr-lele-b-jleln) ale Mn aa len dle) a pau => Gaa-| 
strength without increased density. Eact 
fiber encased in protective sheath of 
nylon. Porosity and resistance of felt un 
affected. Wyzenbeck Wear Test of 6,000 
strokes on- Untreated versus Nylon Resin 
Treated Swatches demonstrates the 
elbai-ta-Jalel-e 


UO habag-t-ha-te| ii a-t-ba-te! 




















For Seals — Feiters Dufelt is ideal for 
use as a Seal with light oils, when no 
head of oil exists. Dufelt incorporates 
layers of WHycar, sandwiched with 
standard felts, ina number of different 
combinations. 


Felters’ Filtering Felts assure uniform 
densities for filtering a wide range of 
liquids and air. Includes oil, latex, cel- 
lulose products, gasoline, alcohol and 
similar media. Capillary value controlled 
by varying fibre density and grade. 


Vibration Isolation and Cushioning 
can be effectively achieved by using 
special Unisorb Pad or Unisorb Level- 
Rite machine mounts. Prevents trans- 
mission of vibration to surroundings, 
improves operation of machine tools. 


the FELTERS company 


220 SOUTH ST., BOSTON 11, MASS. 


Pioneer Producers of Felt and Felt Products 
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KENNAMETAL 


wear resistant + heat resistant 
TUNGSTEN CARBIDES - TITANIUM CARBIDES 





PRODUCT 


PROPERTIES 















YME of 60 to 90 million psi. 
Compressive strength higher than virtually all melted and 
cast or forged metals and alloys. 








TYPICAL APPLICATIONS 


Metalworking and mining tool cutting edges. 
Die inserts. 
Seal rings. 

















Kennametal Kennametal outwears steel up to 100 to 1. Integrator discs. 
(tungsten- Impact strength in the range of hardened alloy steels of Needle valves and cones. 
very much lower hardness and compressive strength. Compressor liners. 
base Thermal expansion about half that of steel. Pulverizing hammers. 
ca rbides) Compositions to withstand one or various combinations of Abrasion resistant knives, blades, shears. 
destructive agents such as abrasion, corrosion, galling, Boring bars. 
impact, and erosion, or meet specific requirements as to Spray orifices. 
stiffness, strength and weight. Balls and seats for oil well pump valves. 
Sensing elements for high temperature 
Superior strength and abrasion resistance at temperatures thermostatic controls. 
- 1800°F. and up... temperatures that rapidly destroy Spinning tools for hot metals. 
Kentanium* conventional carbides or high temperature cast alloys. Flash-trimming tools. 
(titanium- Can be subjected continuously to operating temperatures Turbine components. 
up to 2200°F., and up to 5000°F. for short periods. Balls for pump check valves. 
base Greater resistance to thermal shock than ceramics. Nuclear reactor equipment. 
carbides) Highest stiffness-to-weight ratio of any material... Rotary seal rings. 
approximately 24 the weight of steel. Hot rod mill guide inserts. . 
YME up to 60 million psi. Anvils for spot welding. 
Balls for hot hardness testing. : 
Pure Low binder content. Cracmsies. 


Carbides 


High melting point. 


Acid resistant parts. 
High temperature furnace parts. 





Heavy 
Tungsten 
Alloys 


Machinability: Good. 

Tensile Strength: 40,000 to 90,000 psi. 

Corrosion Resistance: Excellent. in 

Readily brazed with Easy-Flo No. 3 Compound. 
Available as bars, rods, rings, discs, special shapes. 


Nominal Density: 16.5 to 18.7 gm/cc. 


Counterweights. 

Radioactive shielding. 

Isotope containers. 

Atomic watch shielding. 

Shielding — cobalt and X-ray medical equipment. 

Rotational parts — flywheels, governors, gyroscope 
components. 

Electrical contactors for high current heavy duty 
applications. 





Metal — 99.8% grade. 
Granules, arc melting electrodes, bar, strip, foil. 
Metal — 99.5% and 98.5% grades. 


Bars: Nominal size 4” x 2” x 19”. Other sizes available. 





, e Strip, Foil: .001” to .100” thick, up to 4” wide. 
Niobium Powders, granules, arc melting electrodes. Powders: 20 to 80 mesh. 
Oxide — 99% and 99.5% grades. Granules: *%” to 40 mesh. 
Fine powder. 
Metal — 99.9% it de. s : P 
ram ors ae genera tag soe foil. wire Bars: Nominal size 4” x 2” x 19”. Other sizes available. 
yak, “ ‘ ; ; Strip, Foil: .001” to .100” thick, up to 4” wide. 
Metal 99.5% grade. - 
Gein Wire: From .005” to .030”. 
Tantalum , ; Granules: 20 mesh. Other sizes and grades available. 


Metal Powder — 99.8% grade. 
Fine powder. 
Oxide — 99% grade. 
Fine powder. 


Powder: 200 mesh. Other sizes available. 
Oxides: In analyses and particle sizes to meet specific 
requirements. 





Kenspray 
(hard 

surfacing 
material) 


Powder applied by hand or mechanically-held metal spraying 
equipment. 

May be successfully applied to irregular shapes or flat 
surfaces. 

Only thin coating required (from .010” to .090”). Conserves 
material, provides uniform surface. 

After spraying application, part is heated to fuse the hard 
surfacing deposit to its base. For close tolerances, part 
may then be ground with silicon carbide wheels. 


Machine components and equipment for food, chemical, 
petro-chemical, other processing industries ... Cams, 
valve seats, sleeves, shafts, dies, guides, jigs, process 
rolls, wear strips, valve plugs and bodies, grain mill 
hammers, pump parts, agricultural equipment. 





Kenplate 
(hard 

surfacing 
material) 





Factory assembled as small, hexagonal plates in a uniform 
mating pattern on flexible woven-glass backing. 

Plate thicknesses from .062” to .250” in two hex sizes. 

May be applied by standard epoxy bonding, silver soldering, 
conventional brazing. 


FOR DETAILED INFORMATION send for: 


1. Characteristics of Kennametal — 24- 
page outline of the company, its history, 
manufacturing methods and facilities. 


pages of design ideas . 





3. Designing with Kennametal — 42 
. . problems and 
solutions in designing with carbides, 


Plus a detailed description of Kennametal 


fastening methods, typical applications. 


Wear plates in processing equipment. 

Liners for ball mills, inclined chutes for abrasive materials. 
Centrifuge surfaces. 

Slide surfaces, guide rails for materials handling equipment. 









4. Tantalum Product Data Sheet — 
Gives analyses, available forms and sizes. 
5. Columbium Product Data Sheet — 
Gives analyses, available forms and sizes. 


and Kentanium characteristics . . . physi- 
cal and mechanical properties, with sug- 
gestions for design application. 

2. Kentanium — 12-page description of 
physical characteristics and applications. 


Write Kennametal iInc., Latrobe, Pa. 


3179 





*Trademark 
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SUPPLIERS’ 


Corrosion Inhibitor. Solvay Process Div., 
Allied Chemical Corp., 17 pp, illus. Use 
of sodium nitrite in corrosion preven- 
tion. 215 


Zinc, Cadmium Finishes. Allied Research 
Products, Inc. Describes Iridite finishes for 
zinc and cadmium in chromium-like, olive 
green, iridescent and other colors. 216 


Barrel Finishing. Almco Queen Products, 
Inc., 52 pp, illus. Outlines company’s 
barrel finishing method and lists barrels, 
equipment and supplies. 217 


Conversion Coatings. Amchem Products, 
Inc., 8 pp. Information on various chemi- 
cal conversion coatings for steel alumi- 
num, galvanized iron and zinc and cad- 
mium plated surfaces. 218 


Hot Dip Galvanized Coatings. American 
Hot Dip Galvanizers Assn., Inc., 16 pp, 
illus. Description of hot dip galvanizing 
process in industrial and consumer applica- 
tions. 219 


Blackening Metals. Enthone Inc., Div. of 
American Smelting & Refining Co., 8 pp, 
illus. Characteristics and operating data 
for a finishing process used to blacken 
steel, copper, brass and zinc. 220 


Metallizing Lacquers. Bee Chemical Co., 
14 pp. Properties, uses and application of 
lacquers on vacuum metallized metals, 
glass and thermosetting plastics. 221 


Ultrasonic Cleaning. Branson Ultrasonic 
Corp., 24 pp. illus. Applications, descrip- 
tions, features, capabilities-and specifica- 
tions for ultrasonic cleaning equipment. 
255 


Conversion Coatings. Chemical Corp., 42 
pp. General description, bath make-up 
and specifications for a number of con- 
version coatings for zinc and cadmium. 


Polyvinyl! Plastisols. Chemical Products 
Corp., 16 pp. Advantages, uses and proper- 
ties of the company’s polyvinyl plastisol 
coating and molding compounds. 223 


Metallic Coatings for Plastics. Coating 
Products. Information on metallic coatings 
for plastics. 224 


Zinc Phosphate Coatings. Detrex Chemi- 
cal Industries, Inc., 8 pp, illus. Describes 
phosphate coatings for protection of paint 
finishes under severe corrosion condi- 
tions. 225 


Protective Coatings. Diamond Alkali Co., 
36 pp. illus. Data on chlorinated paraffin, 
both resinous and liquid grades, with il- 
lustrations of typical industrial applica- 
tions. 226 


Sillicone Coatings. Dow Corning Corp., 4 
pp, illus., No. 8-601. Properties and per- 
formance data on silicone treated papers. 


LITERATURE 


ms Finishes and Coatings 


Contains samples of coated kraft, glassine 
and parchment, 


Black Oxide Finish. Du-Lite Chemical 
Corp. Information on finishes for steel 
blackening. Also information on Du-Lite 
cleaner, stripper and burnishing com- 
pounds. 228 


Porcelain Enamel. Erie Ceramic Arts Co., 
20 pp, illus. Use of porcelain enamel in 
meter dials, telephone number plates and 
instruction plates. Lists enamel reflectance 
and color standards. 229 


Viscosity of Plastisols. Firestone Plastics 
Co., 32 pp, illus. Discusses the effects of 
shear rates, temperature and time on the 
viscosity of plastisols. 230 


Nickel Plate. General American Transpor- 
tation Corp., 28 pp, illus. Covers Kanigen 
nickel alloy plating, corrosion resistant 
fasteners, and plastics molding facilities. 
231 


Bright Nickel Plating. Harshaw Chemical 

Co., Scientific Div., 4 pp, illus. Advantages 

of Nubrite bright nickel plating process. 
232 


Multicolor Enamel. Maas & Waldstein Co., 
2 pp, No. 520. Data sheet on industrial 
multicolor enamels. 233 


Bronze Electroplates. Metal & Thermit 
Corp., 4 pp, illus. Properties and uses of a 
bronze electroplate used as an undercoat 
for chromium or as a decorative finish. 234 


Metallizing Machine. Metallizing Engineer- 
ing Co., Inc., 6 pp, illus, No. 135-10M. 
Features, dimensions and operating data 
for an electric motor driven metallizing 
machine with electronic controls. 235 


Protective Coatings. Michigan Chrome & 
Chemical Co. Bulletins describing coating 
materials for tanks, racks and fixtures 
used in plating systems. 236 


Colored Silicone Finishes. Midland In- 
dustrial Finishes Co., illus. Properties and 
uses of colored silicone finishes. 237 


Phosphating Metal Surfaces. Neilson Chem- 
ical Co., 4 pp, illus. Operational data on, 
and advantages of, a cleaning and phos- 
phatizing process for treating metal sur- 
faces prior to painting. 238 


Metal Cleaners. Northwest Chemical Co., 
5 pp, illus. Properties and uses of five 
cleaners used in preparing aluminum and 
other metals for welding and finishing. 239 


Ceramic Coatings. Norton Co., 10 pp, 
illus., No. CP 11.3. Compares the physical 
properties of aluminum oxide, zirconium 
Silicate and zirconium oxide coatings with 
those of stainless steel. 240 


Phosphate Coatings. Oakite Products, Inc., 
8 pp, illus. Describes an iron phospate 
compound that cleans and phosphates 
metals at the same time, and a zinc 


phosphate coating for tank application. 
241 
Coatings for aluminum. Parker Rust Proof 
Co., 4 pp, illus. Method of coating alumi- 
num without the use of electric current by 
using Bonderite 700 coating. 242 


Fusion Bond Finishes. National Polymer 
Products, Inc., 4 pp, illus. Characteristics, 
properties and uses of Corvel cellulosic, 
nylon, polyethylene and chlorinated poly- 
ether, and other fusion bond finishes for 
metal parts. 243 


Porcelain Enamel. Porcelain Enamel In- 
stitute, 30 pp, illus. Outlines types, uses 
and properties of porcelain enamel coat- 
ings. A _ glossary lists terms used in 
porcelain enameling. 244 


Organisols, Plastisols, Reynolds Chemical 
Products Co., Div. of Stubnitz-Greene 
Corp., 11 pp. Corrosion resistance and 
properties of pastisols, organisols, lacquers 
and natural and synthetic latex compounds 
for coating plating racks, bottles, rope 
and wire. 245 


Rhodium _ Electroplates. Sel-Rex Corp., 
Precious Metals Div., 20 pp, illus. Proper- 
ties and uses, plating formulations, and 
operating instructions for a rhodium elec- 
troplating process. 246 


Wash Primers. Shawinigan Resins Corp., 
6 pp. Compares properties of wash primers, 
Butvar and Formvar, with the properties 
of other corrosion-inhibiting materials. 247 


Epoxy Coatings. Shell Chemical Corp., 12 
pp, illus. Flexibility, adhesion, chemical 
and abrasion resistance, and color and 
gloss retention for epoxy coatings. 248 


Strippable Coatings. Spraylat Corp., 9 pp. 
Type, color, uses, heat resistance, film 
thickness, spray application and coverage 
of a line of strippable coatings. 249 


Gold Coatings.. Technic Inc., 4 pp. Out- 
lines use of a hard bright gold coating 
on waveguides, resistors, switches and 
electrical contacts. 250 


Aluminum Coating. Arthur Tickle Engi- 
neering Works, Inc., 4 pp, illus. Gives a 
step-by-step description of a process for 
coating aluminum to steel. 251 


Phosphate Coating. Turco Products, Inc., 
4 pp, No. 108-12. Application data, proper- 
ties and uses of a coating material for 
simultaneous cleaning and light phosphat- 
ing of iron, steel and zinc. 252 


Protective Coatings. U. S. Stoneware Co., 
Plastics & Synthetics Div., 30 pp, illus. 
Properties, uses, limitations and cost of 
specialized protective coatings. 253 


Hard Facing Alloys. Wall Colmonoy Corp., 
4 pp, illus., No. 5. ‘‘Alloy News’’ cites im- 
proved product design and longer service 
life of gears, tubing and pipe that have 
been treated with hard facing alloys. 254 


To get literature, use free post card on p 367, 405 or 479 
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Finishes and Coatings 


Hard Coatings and Surfaces 





Type 
+ 


Method of Application 


Basic Metals That | 
Can Be Coated 


Nature of 
Hard Surface 


| 


| Thickness 


Usual 
Hardness 
Range 


Major 
Characteristics 





Hard Facing 


Hard afloys applied by va- | 
riety of welding processes, | 


Practically all ferrous | 
metals. Some high- 


Variety of ferrous 
and nonferrous al- 


Ye-% in. | Wide range up to | 


| Rockwell A90, 


High hardness com- 
bined with varying 






























































including gas metal arc and | melting nonferrous | loys depending on al- | degrees of resistance 
atomic hydrogen arc. Sur- | alloys loy used to abrasion impact, 
face of metal brought to corrosion and heat, 
melting point of hard facing depending on alloy 
alloy. Parts may require used 
preheat at 700-1200 F 
Carburized Carbon in solid, liquid or | Carbon and alloy steels | Case high in car- | 0.005- Approx Rockwell | High strength and‘ 
Surface gas form introduced into | low enough in carbon | bon 0.25in. | C62-64 toughness in core can 
metal surface by heating | content (<0.45%) to be combined with ex- 
both in contact at tempera- | take up that element treme surface hard- 
tures above transformation | readily ness 
range, generally 1450- 
1750 F 
Nitrided Surface Nitrogen introduced into| Primarily special ni-| Case containing | 0.005- Approx Rockwell | High wear resistance, 
surface by heating metal in | triding steels. Also | nitrides of various | 0.030 in. | C63-64 for mo- | retention of hardness 
contact with ammonia or | medium carbon steels | alloying elements lybdenum steel; | at elevated tempera- 
other nitrogeneous material | containing chromium 15N92 for 416 | tures. Good resist- 
at 930-1050 F and molybdenum, stainless and Ni- | ance to certain types 
stainless steels, some tralloy 135 of corrosion 
cast irons 
Cyanided Carbon and nitrogen intro- | Same steels as used | High carbon case | 0.003- Rockwell A80-81 | In general, same as 
or Carbonitrided duced into surface by heat- | for carburizing containing ni-|0.020in. | for SAE 1010 | for carburized cases 
Surface ing metal in liquid cyanide trides steel 
(cyaniding) or in carbo- | 
naceous and .nitrogeneous 
(carbonitriding) both at 
1200-1600 F 
Siliconized Silicon introduced into sur- | Low carbon(<0.25%),| Alloy case contain- | 0.005- Rockwell B80-85 | High resistance to 
Surface face by heating metal in| low sulfur (<0.04%) | ing up to 14% | 0.010 in. wear, heat, corrosion 
contact with silicon carbide | steels silicon 
and chlorine at 1700-1850F 
Chromized Chromium introduced into | Low and high carbon | High chromium | 0.5-2 mil | 1600-2300 Vick- | High resistance to 
Surface surface by heating metal in| steels, many alloy | stainless steel or ers for chromi-| wear, abrasion, cor- 
contact with chromium- | steels,stainiess steels,| chromium car- um carbide case | rosion 
containing powdered com- | tool steels, cast iron, | bide, depending 
pound at 1500-1900 F iron powder parts on metal compo- 
sition 
Flame Surface structure changed | Any steel that can be | Hardened surface | 0.06- Max hardness | High hardness, resis- 
Hardened by heating surface only | hardened by conven-| structure. No/0.25in. | depends on car-| tance to wear and 
Surface with oxyacetylene flame | tional methods change in chemi bon content of | abrasion 
above transformation cal composition base meta 
range, followed by 
quenching 
Induction Surface structure changed | Medium carbon steels, | Same as flame | 0.015- Max hardness | Same as for flame 
Hardened by heating surface only by | gray cast iron, pear- | hardened surface | 0.125 in. | depends on car- | hardened surface 
Surface means of electrical induc- | litic malleable and | bon content of 
tion above transformation | nodular cast irons base metal 
range, followed by 
quenching 
Chromium Pilate Electrodeposition of chro- | Iron, steel, copper, | Chromium Approx 1/| Up to 1000-1025 | High hardness, excel- 
mium nickel, zinc, alumi- mil max | Brinell lent corrosion resist- 
num, magnesium, ti- ance, low coefficient 
tanium, brass of friction, nongalling 
and nonwetting 
Nickel Plate Electrodeposition of nickel | Iron, steel, copper, | Nickel Up to % | 150-800 Vickers | High wear, corrosion 
zinc, aluminum, mag- in, resistance 
nesium, brass 
Rhodium Plate Electrodeposition of rho- | Most metals, including | Rhodium 0.001- 540to640Vickers | High hardness and 
dium gold, silver, electrical 1 mil (20-gm load) wear resistance, at- 
contact materials tractive appearance 
Hard Anodized Surface converted to me- | Most aluminum alloys | Case consisting of | Approx | Difficult toassess| Better resistance to 
Coating tallic oxide or other inor- | and magnesium oxides or other in- | 1-5 mils | by conventional | abrasion, erosion and 
ganic compound by electro- organic com- methods corrosion than base 
chemical process in which pounds of the metal 
base metal is made anode base metal 
in electrolyte 
Sprayed Metal or ceramic layer ap- | Most commonly used | Bronze, various | Metals: | Up to 1350) Extremely wide range 
Coating plied by spraying molten or | metals irons and steels, | up to % | Vickers for tung- | of surface properties, 
semimolten particles which molybdenum, |in. Ce- | sten carbide depending on coating 
fuse, cool and solidify on aluminum or zir- | ramics: material 
surface. Surface tempera- conium oxide, | 0.005- 
ture ranges up to 800 F zirconium silicate, | 0.050 in. 
tungsten carbide 
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Chemical Conversion Coatings 


















Metals That Can Be Coated» 








































































































































































































































































Purpose and Type Alumi-| Cad- | Cop- Mag- Tita- 
am How the Coatings Compare num |mium}| per | Iron |nesium| Silver} Steel | Tin | nium] Zinc 

To Improve Paint Bonding 
ss Rough crystalline structure provides excel- 

lent paint adhesion. Better paint bond than 

chromate coatings. Corrosion confined to 

limited area when paint film damaged...... X X X 0 x 0 X 
a ee Provides high corrosion protection because 

of nonporous structure. Paint adhesion gen- 

erally not as good as with phosphate.......| X X 0 0 X 0 0 0 X 
To Improve Corrosion Resistance 
WN fags 43000408 Cal Provides equal or better corrosion protec- 

tion—at higher cost—than chromate....... X X 0 
re Generally provides much better corrosion 

resistance than phosphate. Nonporous 

structure acts as moisture barrier. If coat- 

ing is broken, inhibiting action of soluble 4 

chromate retards corrosion of basis metal...; X x X 0 X 0 0 0 X 
PONG o.0504 «ke 0sd 00d Not generally used alone for corrosion pro- 

tection. When treated with oils, waxes or 

stains, however, it provides good protection, 

especially on ferrous surfaces............. X 0 X X 0 7 
Oxide and Other.......... Do not provide as much protection as other 

conversion coatings, but cost is lower...... 0 0 0 0 0 0 
For Decoration 
SE dvestcnaescacns Available in wide variety of natural and 

dyed colors. Colors are not as light-fast as 

in colored anodic coatings................ X X K 0 X 0 0 X 
RE rear eet Can be colored with a large variety of dyes 

and pigments. Underlying metal can be used 

to impart attractive metallic sheen. Sealing 

a a X X 0 
Phosphate............... Little decorative value except when painted.| X X x 0 X 0 X 
Oxide and Other.......... Black and blue-black coatings widely used 

to decorate ferrous, zinc and cadmium sur- 

faces. Considerable number of colors pro- 

ducible on copper and aluminum.......... X x X X X X 
To Aid In Cold Forming 
eee By preventing metal-to-metal contact, lu- 

bricated coating facilitates deep drawing, 

cold heading, extrusion, and wire and tube 

CE Dek ctavscadeobudsseiseniiins x X X Xb 
Oxide and Other.......... Special coatings have been developed for 

MNS as vicvdeka tics cevses PRS X 
To Improve Wear Resistance 
i eanals ba nied Maintains continuous oil film between bear- 

ing surfaces; prevents welding of surfaces 

sal ctancccaadedekeceateshss: ¥ X 
MS coasts aves cect Hard anodic coating with greater thickness 

and weight than conventional anodic coat- 

ings increases wear and abrasion resistance.| X X 
*X—Metals most commonly treated for purpose listed. O— Metals less commonly treated. >Electroplates. 
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Finishes and Coatings 


Chromium Electroplates 





Types of Plates 


Chromium electrodeposits consist of two principal 
types: decorative and hard chromium plates, and 
their modifications. Both principal types are de- 
posited from the same plating baths and are distin- 
guishable only by their different thicknesses. 


Decorative chromium. Decorative plates are quite 
thin (0.01-0.02 mil), are usually deposited over a 
nickel plate, and are used primarily because of their 
bright, nontarnishing finish. 

Some typical applications of decorative chromium 
plate are: automobile trim and hardware, plumbing 
fixtures, household appliances and hardware, sani- 
tary fixtures, tools and jewelry. 


Hard chromium. These coatings are comparatively 
thick (0.1 to 15 mils) and are used -primarily in 
engineering applications because of their extreme 
hardness, low coefficient of friction, chemical resist- 
ance, and nongalling and nonwetting properties. 
Undercoats of nickel or copper are sometimes used 
for added corrosion resistance. 


Applications of hard chromium plate are quite 
extensive. Some principal applications are gages, 
tools and machine tool parts—both new parts and 
worn parts to be salvaged. Taps, drills, saws, milling 
cutters and burnishing tools have been successfully 
plated. Molds for plastics and rubber are plated to 
reduce wear and sticking and to improve product 
appearance. Gun barrels, pump shafts, engine cylin- 
ders, drawing dies, calender rolls and engraving dies 
are other applications. 


Porous chromium. This type of plate is essentially 
a hard chromium plate containing carefully con- 
trolled pits or channels designed to improve the 


PHYSICAL AND MECHANICAL PROPERTIES 





EEL, soak y via chaeeees dboaesdabnsaes 44s vad 0.25 
Fi las sn cadre veers dnseesebncals cdRbanopeeene 3452 
Ther Cond, Btu/hr/sq ft/°F /ft NS, MSS ie... Beg Pane lepye 157.3 
Se RS errr ere errr errr s rey 0.1039 
sg dhe an ky Sov vias 2p ened denen ced 14.6 x 10-6 
Reflectivity, % 

a li lilt dak area Gil 62-72 

ES PCT PRR ee Pee eT Tear 55-70 

Re 5s 2s Weenies s doce vgea ode bas 62-88 
Elec Res (82 F), microhm-cm 

RR I ES Se Ae Pe ene 50-60 

BR Se ee ee ees Peer oree re 13 
cde enes¥e pieces 1000 max 
Sliding Coef of Friction 

Cr-Plated Steel vs Cr-Plated Steel......................005. 0.12 

EE, 0 Dc. coc eccaceescccscnsscveesus 0.13 

I Uc canes se bednaeu en 0.16 
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lubrication properties of bearing surfaces. Plates 
range in thickness from 3 to 15 mils. Beneath its 
outer surface the plate is no more porous than 
ordinary hard chromium plate. 

Porous chromium plate consists of three principal 
types: mechanical, pit and channel. The mechanical 
type is produced by hard chromium plating and 
subsequently polishing a roughened, cut or engraved 
basis metal. The polished tops of the grains form 
the bearing surface and the depressions between the 
grains hold the lubricating oil. The pit and channel 
types are produced by chemical or electrochemical 
etching of the chromium deposit. Plating conditions 
are controlled to produce latent chromium deposits 
predisposed to the development of a particular size 
and type of network pattern during etching. 

The pit or pocket type of porous plate is generally 
used on diesel engine cylinders and industrial gaso- 
line and gas engines, pumps and compressors. The 
channel type of deposit is generally used on aircraft 
cylinders. Thickness and porosity of both types of 
deposits depend on the size and type of engine. 


Crack-free chromium. Crack-free plates, deposited in 
self-regulating baths, have recently achieved con- 
siderable importance. These plates have two principal 
advantages: 1) their dense, uniform, crack-free 
structure provides excellent resistance to corrosion 
and thermal shock, and 2) self-regulation of the 
bath practically eliminates maintenance problems. 
In many applications the coating can be deposited 
directly on the basis metal without prior nickel or 
copper plating. Deposits are producible in a bright 
or gray, matte finish. Applications for crack-free 
plate are generally the same as for decorative and 
hard chromium plates. 


Basis Metals Plated 


Aluminum and its alloys 
Copper and its alloys 
Iron and steel 
Magnesium alloys 


Nickel and its alloys 
Titanium and its alloys 
Zine and its alloys 


Treatment After Plating 


Recent work indicates that heat treatment may 
not be desirable in applications where fatigue is a 
factor. In some applications, however, heat treatment 
may be required to relieve strains caused by occluded 
hydrogen. For example, hardened high carbon steel 
parts of thin cross section, such as steel tools, gen- 
erally require heat treatment after plating. Parts 
are placed in an oil bath or oven at 250-350 F for 
1 to 3 hr. Immersion in boiling water for extended 
periods has also proved effective. 
































Decorative plate. In general, bright nickel work 
that does not require buffing can be placed, still wet, 
directly in the chromium plating solution. Buffed 
surfaces, however, must be cleaned to remove grease, 
dirt and oxide films.. Cleaning is performed as fol- 
lows: 


1. Electrolytic alkaline cleaning with basis metal 
as cathode. Treatment performed at 6-12 v and 
175-200 F long enough to remove dirt and 
grease. 


2. Warm water rinse (120 to 160 F). 
3. Cold water rinse. 


4. Acid dip at room temperature to remove sur- 
face oxide. Treatment can be performed in 
sulfuric acid (20% by vol) solution; in muriatic 
acid (30-50%) solution; or by using basis metal 
as cathode (4-6 v) in electrolytic sulfuric acid 
(5%) solution. 


5. Cold water rinse. 


Hard chromium plate. Basis metal pretreatment is 
especially important for hard chromium plates since 
the coating does not fill in pits and scratches and 
tends to reproduce the surface on which it is de- 
posited. Though no definite sequence of operations 
can be given for all types of work, the following 
pretreatment is typical for ferrous surfaces: 


Plating Baths 


Conventional chromium plating baths contain only two essential con- 


Basis Metal Pretreatment 
he 


m 99 


or 


Preliminary grinding to remove scale, pits and 
scratches. (This step is not required for smooth 
surfaces.) 


Preliminary cleaning by vapor degreasing or 
washing in petroleum spirits to remove oil or 
grease, 


Electrolytic cleaning in hot alkali cleaner. 
Cold water rinse. 


Electrolytic etch to remove light rust and other 
iron compounds, and to produce a slightly 
roughened surface that will promote adhesion 
of chromium. Sulfuric or chromic acids are 
most commonly used; if shape of parts causes 
entrapment of sulfuric acid with consequent 
danger of contaminating chromium plating 
bath, chromic acid etch may be preferred. Paris 
may be transferred directly from chromic acid 
bath without rinsing. 

Etching is sometimes produced in chromium 
plating bath by reversing current so that work 
is made anodic. After etching (about %-1 min), 
current is reversed and plating started. Thin 
oxide films can also be removed by dipping work 
in dilute sulfuric or hydrochloric acids. This 
method does not appreciably dull the luster of 
highly polished surfaces; however, it does not 
promote adhesion as well as other etches. 


Thickness of Deposits 
In general, thickness of plates 










stituents: chromic acid and a sulfate catalyst acid radical. Successful 
deposition is determined by the weight ratio of chromic acid to sulfate; 
this ratio should be kept between 50:1 and 250:1, preferably at about 
100:1. Too small a catalyst content can result in no deposition at ail 
or else produce brown oxide stain. Similarly, too high a catalyst content 
produces a bath with poor or no throwing power. Two typical formu- 
lations are: 


Concentrated 


Chromic acid (CrO;)...53 oz/gal CHROMIC OC1d 2... ccccess 33 oz/gal 
ee ena kn oi 0.53 oz/gal SE iin ntoik 6 a id oka 0.33 oz/gal 


The dilute bath has a slightly higher current efficiency than the 
concentrated bath. However, because of its lower conductivity, the dilute 
bath usually requires a higher voltage for a given current density. 
Also, because of its low sulfate content, the dilute bath is more sensitive 
to the addition or removal of catalyst from drag-in and drag-out. 

A self-regulating high speed chromium plating solution is gaining 
wide acceptance, especially for high production decorative plating using 
automatic equipment. It consists of a proprietary solution containing 
mixed acid radicals which automatically regulate themselves. The high 
cathode current efficiencies and the bright plates produced at high 
current densities result in high plating rates—more than twice those 
of conventional solutions, it is claimed. 


Dilute 








for decorative applications ranges 
from 0.01 to 0.02 mil. Following 
are some typical thickness recom- 
mendations (in mils) for hard 
chromium deposits: 


EE das Abd ek6 648 68-4 0.05-0.5 
DE: sna nwe teaeenxa 0.1-0.5 
Burnishing bars ....... 0.5-3.0 
Drawing plugs, 

PEED ewe cdevaces 1.5-8.0 
Drawing dies .......... 0.5-8.0 
GE Seba sn vcvcceseove’ 0.1-1.5 
Pump shafts ........... 0.5-3.0 
Rolls,drums ......... 0.25-12.0 
Hydraulicrams ........ 0.5-4.0 
Printing plates 

(engraved steel) .....0.2-0.5 
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Finishes and Coatings 


Nickel Electroplates 


Commonly Used Plating Baths 


Watts. The Watts type bath is the most commonly used 
plating bath and is very flexible with respect to compo- 
sition, current density and temperature. The bath is 
used to obtain a decorative matte finish or a bright finish 
subsequent to polishing or buffing. It is also used to build 
up worn or mismachined parts that are subject to wear. 
Relatively thick deposits are used for electroforming and 
to prevent corrosion of steel pipe and other equipment 
used for the processing of chemicals, petroleum and foods. 
The baths are usually grouped into two classifications on 
the basis of cperating pH: 


HighpH LowpH 





Nickel sulfate, oz/gal 32 44 
Nickel chloride, oz/gal 6 6 
Boric acid, 0z/gal 4 5 
pH 4.5-6.0 1.5-4.5 


Temperature, F 115-160 115-140 
Current density, amp/sq ft 20-100 25-100 
Advantages of the low pH bath (commonly known as 
the soft nickel bath or general purpose bath) over the 
high pH bath are: 1) higher current densities (resulting 
in increased output) can be used without causing deposit 
peeling or cracking; and 2) improved anode efficiency 
decreases nickel salt consumption. Disadvantages of the 
low pH bath are: 1) lower throwing power at low cur- 
rent densities; 2) tendency to pit at some points in the 
pH range; and 3) lower cathode efficiency. 


Chloride-sulfate. This bath produces deposits with 
modified characteristics of the Watts type and all- 
chloride baths: 


Nickel sulfate, oz/gal 26 pH 1.5 
Nickel chloride, oz/gal 23 Temperature, F 115 
Boric acid, 0z/gal 5.3 Current density, 

amp/sq ft 25-100 


The increased chloride concentration produces a 
smoother, finer grained, more easily buffed deposit with 
less tendency to pit than the Watts bath. The bath can 
also be operated at lower voltages and higher current 
densities at greater cathode efficiency. Advantages 
claimed over the all-chloride bath are a more ductile 
deposit, easier pH control, simpler purification, and com- 
patibility with available organic brighteners. 


Hard nickel. This bath is used primarily when a de- 
posit is needed which is tougher and less liable to crack 
and peel than chromium and where the extreme hardness 
of chromium is not essential. Deposits possess high 
resistance to wear and corrosion and are adaptable to 
conventional machining practices. If a heavy deposit 
with an extremely hard surface is required, a dual layer 
of hard nickel followed by chromium can be used. 


Nickel sulfate, oz/gal 24 pH 5.6-5.9 

Ammonium chloride, Temperature,F 110-140 
oz/gal 3.3 Current density, 

Boric acid, oz/gal 4.0 amp/sq ft 25-50 
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Uses 


Because of their good corrosion resistance and fa- 
vorable physical and mechanical properties, nickel 
electro-deposits are used in numerous and diverse 
applications. Principal among the applications for 
nickel electro-deposits are: 1) decorative and in- 
dustrial corrosion resistant coatings in matte, semi- 
bright and bright finishes; 2) coatings to build up 
worn or mismachined parts; 3) electro-formed parts; 
and 4) coatings for nonconductors. 


Basis Metals Plated 


Aluminum and its alloys Nickel (wrought and 


Beryllium copper electrolytic) 

Brass Nickel-iron alloys 
Cast iron Nickel silver 

Copper and its alloys Pewter 

Inconel Lead-base alloys 
Magnesium Steel (carbon, nickel, 


Monel tungsten and stainless) 
Tin and tinplate 


Thickness of Deposits 


Decorative applications: up to 0.5 mil 
Corrosive applications: 3 to 15 mils 
Applications to improve wear resistance: 0.002 to % in. 


PHYSICAL AND MECHANICAL PROPERTIES 





ISS Visc, Sout ievcsudosis rst cbesetosceadeusses 0.322 
NLS Si sBid hb hn do dctvdddedacweuksesscseccéved 8.9 
NE  . ofihirids Ln dakninab add bio suwaseeeee vee 2640 
Specie Hest (32-212 F), Bia /B/°F oo. cece cccccccccscvcecs 0.11 
Coef of Ther Exp 

EE EET 7.5x 10-* 
Ther Cond (32-212 F), 

NS iin as otic sas gdniads edbage versace 470 
SU IID, occ cc cccccccccccsceusevenceseis 7.0 
CS ES ree 30 x 10* 
Tensile Strength, psi 

sbi, Seeks ee tdeeve deicdvedhuwes 51,000 

es Ss did iwc dae vevcecwesees veces 140-160,000 
Elongation (in 2 in.), % 

Soft Deposits..... Oe iia i en ani ane cae bese bay thkuT 30 

TG. . chica isceandendaswndesharnee oepneresd 10 
Vickers Hardness 

Ee Bo tank als caducgensdaneshaaendas bas eGiae 150 

EE, a reac Lisidesddccderes sdinave seats 40 475-525 












RECOMMENDED 


BASIS METAL PRETREATMENT * 





Basis Metal 


Application 





| 


| Decorative 


Industrial 


Sequence of Pretreatment Operations 





Aluminum...........| 


Copper Alloys........ 


a? 
Tae 


Nickel (wrought)... 


Nickel (electrolytic)... | 


Nickel-lron Alloys. ... 
Steels (carbon)....... 


Steels (carbon)...... 


Steels (nickel). ..... 
Steels (stainless)... | 


Steels (tungsten)... . 


Tin or Tinplate...... 





X 








X 





Two general classes of pretreatment processes available: 1) application 
of immersion deposits (such as zincate process); and 2) variations of 
anodizing (such as phosphoric acid anodizing process) 

Degreasing + cathodic and anodic alkaline cleaning + cold water rinse 
+- hydrochloric acid dip + cold rinse 

Degreasing + cathodic alkali ne cleaning + pumice scrub + cold rinse 
+ nitric acid dip 

Degreasing + cathodic and anodic alkaline cleaning + cold rinse + 
anodic sulfuric acid treatment 

Degreasing + cathodic and anodic alkaline cleaning + cold rinse + 
sodium cyanide dip + cold rinse + cold sulfuric acid dip +-’cold rinse 

Degreasing +- cathodic alkaline cleaning + pumice scrub +¢ cold rinse 
+ nitric acid dip + cold rinse 

Degreasing + cathodic alkaline cleaning + pumice scrub + cold rinse 
+ etch in cold solution of nitric-sulfuric-hydrochloric acid + cold 
rinse + dip in sodium hydroxide and potassium persulfate solution +- 
cold rinse + short dip in 1% (by vol) sulfuric acid solution + cold 
rinse 

Degreasing + cathodic and anodic alkaline cleaning + cold rinse + 
treatment in acid nickel chloride solution 

Degreasing + cathodic and anodic alkaline cleaning + cold rinse + 
anodic sulfuric acid treatment + cold rinse 

Degreasing + cathodic alkaline cleaning + pumice scrub + cold rinse 
+ anodic alkaline cleaning + cold rinse + anodic sulfuric acid 
treatment 

Degreasing +- cathodic and anodic alkaline cleaning + cold rinse + 
treatment in low pH Watts type or all-chloride nickel bath + cold rinse 

Degreasing + cathodic and anodic alkaline cleaning + cold rinse + 
anodic sulfuric acid treatment 

Degreasing + cathodic and anodic alkaline cleaning + cold rinse + 
hydrochloric acid dip + cold rinse 

Degreasing + cathodic alkaline cleaning + pumice scrub + cold rinse 
-+ anodic alkaline cleaning + cold rinse + anodic sulfuric acid treat- 
ment + cold rinse 

Degreasing + cathodic and anodic alkaline cleaning + cold rinse + 
anodic sulfuric acid treatment +- cold rinse 

Degreasing + cathodic and anodic alkaline cleaning + cold rinse + 
treatment in acid nickel chloride solution 

Degreasing + cathodic and anodic alkaline cleaning + cold rinse + 
anodic sulfuric acid treatment + cold rinse + treatment in acid nickel 
chloride solution (cathodic only) 

Degreasing + cathodic and anodic alkaline cleaning + cold rinse + 
cyanide copper plating + cold rinse + acid ammonium citrate solution 
treatment +- cold rinse 

Treatment in solvent degreaser or emulsion slush cleaner + soak clean- 
ing + warm water rinse + anodic cleaning + cold water rinse + dip 
in 2% sulfuric acid solution + cold water rinse + copper plate + 
cold water rinse 





® Basis metal surface should be smooth and free of scale and tarnish. 
to plating bath is recommended. 


Rapid transfer of parts from last pretreatment operation 
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and Coatings 


Zinc and Cadmium Electroplates 


Plate Characteristics 


Zinc plates are inexpensive and have good resist- 
ance to many atmospheres and most soils. They pro- 
vide galvanic protection for steel. Typical applica- 
tions are switch boxes, conduit, and nuts and bolts. 
Zinc plates are also used as a corrosion resistant 
paint base. Zinc-plated steel sheet and strip are 
commercially available. 

Resembling zinc plate in many of its properties, 
cadmium plate is sometimes considered to be com- 
petitive with it. However, it costs more and is 
generally restricted to those applications in which it 
is markedly superior to zinc. It provides sacrificial 
galvanic protection for steel, and is more easily 
applied than zinc to gray and malleable iron. It has 
less tendency to darken than zinc and is less subject 
to the formation of bulky white corrosion products. 
It also permits soldering with noncorrosive fluxes. 
A thin plate (up to 0.001 in.) is sometimes used as 
a base for zinc plate. 

Cadmium is seldom used as a decorative plate. It 
has found widespread use for coating electronic 
chassis, aircraft engine parts, switchgear and hard- 
ware. In severe marine applications, cadmium gen- 
erally stands up better than zinc, though the dif- 
ference is not as clear-cut as was once believed. 
Zinc has proved superior in most industrial environ- 
ments, but cadmium plates have outperformed zinc 
in humid indoor atmospheres. 

The potential difference between cadmium and 
iron is less than that between zinc and iron. There- 
fore cadmium does not cathodically protect as large 
an area of exposed iron as does zinc. It is possible 
in some environments that the potentials of cadmium 


and iron may reverse, permitting pinhole corrosion 
of the iron. 


Zinc Plating Baths 


Acid bath. The acid bath has poor throwing power 
but a high plating rate and low operating cost. It is 
largely used for plating steel wire and strip. Baths 
may be of the sulfate, sulfate-chloride or chloride 
type. Zinc sulfate is the principal salt used. At 
high acidities considerable hydrogen may be de- 
posited producing pitted or spongy deposits. There- 
fore it is common practice to regulate acidity in the 
range of 3.5 to 4.5 pH by using a buffer such as 
sodium acetate, or aluminum chloride or sulfate. 

Unmodified acid zinc baths normally produce 
coarse-grained deposits. To obtain a more refined 
structure, and to improve throwing power, additional 
agents are added. These are usually organic sub- 
stances. Typical operating conditions in an acid 
bath are: temperature, 72-85 F; current density, 
20-30 amp per sq ft (still bath) or 20-100 amp per 
sq ft (agitated bath). 


Alkaline bath. The alkaline, or cyanide, zinc baths 
have excellent throwing power and can provide a 
variety of deposits. They are used extensively for 
plating stee] objects of irregular shape but are not 
generally suited to such basis metals as malleable 
and gray iron. A plain bath produces dull deposits; 
organic additives can be used to form mirror-bright 
coatings; and the addition of small amounts of 
mercury produces a white matte finish. The appear- 
ance of the deposit improves with increasing purifica- 
tion of the bath. 
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Typical operating conditions are: temperature, 
104-122 F (plain) or 82-100 F (bright); current 
density, 9.3-19 amp per sq ft (plain) or 10-50 amp 
per sq ft (bright). 


Cadmium Plating Baths 


Commercial cadmium plating is performed almost 
exclusively in cyanide baths. The solutions are pre- 
pared by dissolving cadmium oxide in sodium cyan- 
ide solution. The plating solution is operated at room 
temperature and with current density ranging from 
5 to 50 amp per sq ft. 

Organic brightening agents, such as complex 
nitrogen-containing condensation products, piperonal 
with aluminum, certain sulfonic acids and proprie- 
tary compounds, are commonly added. Under certain 
conditions small amounts of metallic salts such as 
nickel and cobalt may be used in addition to the 
organic additive to insure smooth, bright deposits. 

The cadmium cyanide bath maintains a low metal 
ion concentration and consequently has high throw- 
ing power. Coatings on parts of irregular shape 
have a good degree of uniformity. 


Thickness of Deposits 


Zinc. Commonly specified deposits are 0.0010 in. or 
more for intermediate conditions, and 0.00015 in. for 
mild exposures. Thinner coatings can be specified 
where they are to be given supplementary treat- 
ments as described below. 


Cadmium. Commonly specified deposits are 0.00050 
in. for relatively severe exposures, 0.00030 in. for 
intermediate conditions and 0.00015 in. for mild 
exposures. Other thicknesses are specified to meet 
unusual service conditions. 


Treatments for Basis Metals 


Zinc plating. Surface preparation of the basis steel 
is particularly important when plating in acid baths 
which do not have the detergent properties of the 
alkaline bath. Organic surface films are removed by 
agitation in an alkaline cleaner at 195 F. Anodic or 
cathodic electrolytic cleaning is frequently used. 
Pretreatment for cyanide plating is usually com- 
pleted with a room temperature dip in dilute sodium 
cyanide to remove any oxides formed during previ- 
ous transfers. 

Treatment after plating is generally necessary 
only with acid-bright coatings because of their ten- 
dency to form bulky white corrosion products; these 
plates can be protected with a clear lacquer or a 
chromate dip. However, zinc coatings are often 
given supplementary treatments such as chromating 
or phosphating, together with a suitable paint sys- 
tem, not only for protection but also to simulate 
chromium plate. Examples of such parts are refrig- 
erator racks and fan guards. 


Cadmium plating. Pretreatment for basis steels is 
similar to that for zinc cyanide baths. Use of bright 
dips after plating to enhance appearance and resist- 
ance to corrosion and fingerprinting has become 
widespread for cadmium as well as zinc coatings. 
The procedure is usually to dip for a few seconds in 
a nitric acid. chromic acid or hydrogen peroxide 
solution. 








Sprayed Metal Coatings 












Commercial Manganese Phosphor 

Type »> Aluminum Babbitt A* Brass (65:35) | Bronze AA» Bronze Bronze Bronze 
Specific Gravity. 2.41 6.67 7.45 7.06 7.57 7.26 7.68 
Ult Ten Str, 1000 psi 19.5 _ 12 29 11.5 12 18 
Strain at Ult Str, % 0.23 _ 0.45 0.46 0.42 0.46 0.35 
Rockwell Hardness. . H72 H58 B22 B78 B18 B27 B20 
Shrinkage, in./in.............. 0.0068 — 0.009 0.0055 0.011 0.009 0.010 
Spraying Speed, Ib/hr........ 18 95 32 24 24 36 31 
Spraying Efficiency, %°... 89 69 8] 77 82 79 85 


Major Characteristics and Uses4 





Good corrosion Good bearing | Sprays fast.|Hard, very | Softestbronze. | Excellent ma-| Fair machine 
| Fair machine | wear resistant. | Fair machine chine finish. | finish. Special 
Easily ma-| finish 


and heat re-| properties 


sistance | finish 


| | 


| chined 











Special uses | uses only 
only 





aLead-free, high tin alloy. 


bAluminum-iron-bronze. 


cPercent of metal deposited. 
dAll metals have about the same shiny surface after spraying, but surfaces of the various metals differ after machining. 








Molybdenum 









































Type »> Tobin Bronze Copper Lead Monel Nickel | 18-8 Stainless 
Specific Gravity. 7.46 7.54 10.21 8.86 7.67 7.55 6.93 
Ult Ten Str, psi 13 — — 75 21 17.5 30 
Strain at Ult Str, %.... 0.51 — — 0.30 0.26 0.30 0.27 
Rockwell Hardness......... B27 B32 — C38 B39 B49 B78 
Shrinkage, in./in......... 0.0104 — — 0.003 0.009 0.008 0.012 
Spraying Speed, Ib/hr.... 36 29 80 8 17 18 21 
Spraying Efficiency, %° 80 80 65 87 85 79 81 
Major Characteristics and Uses*] General pur- Electrical uses; | Good corrosion Used as bond- Good corrosion Good corrosion | High corrosion 
pose. Fair| brazing resistance. | ingcoat. Excel- | resistance.|resistance.|resistance. : 
machine finish X-ray shielding | lent bearing | Good machine | Fair machine Good wearing Coatings 
properties finish finish properties 
| 
High Cr Steel Steel Steel Steel 
Type »> Stainless | (LS)e (0.10% C) (0.25% C) (0.80% C) Tin Zinc 
Specific Gravity 6.74 6.78 6.67 6.78 6.36 6.43 6.36 
Ult Ten Str, psi 40 33.5 30 34.7 27.5 _ 13 
Strain at Ult Str, % 0.50 0.45 0.30 0.46 0.42 — 1.43 
Rockwell Hardness. . C29 C25 B89 B90 C36 — H46 
Shrinkage, in./in... 0.0018 0.002 0.008 0.006 0.0014 — 0.010 
Spraying Speed, |b/hr. 19 18 19 19 19 95 61 
Spraying Efficiency, %°.. 81 87 87 87 87 73 66 


Major Characteristics and Uses4 





High hardness | Good mechani- | Simple bearing Harder and 

and wear re- | cal and finish-| surfaces and | lower shrink- | 

sistance. Grind | ing properties | press fits. Ex- | agethan0.100. | 

finish cellent machine | Excellent ma- 
| finish | chine finish 


| Grind finish | 









Very hard and Good corrosion Good all-around 
wear resistant. | resistance, es- ‘corrosion 
Good bearing | pecially with | resistance 
properties. | foods 





eLow shrinkage. 
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Mechanical Finishes for Aluminum, Copper and Stainless Steel? 





Type & Appearance 


How Finish Is Obtained >-c 


Uses 





Smooth Bright 


Brightest mechanical 


finish. | 


Two or three buffing operations (with progressively 


For attractive appearance or high 





coating or has not been ma- 
chined. Brightness dependent 
on time of treatment and rela- 
tive movement and pressure of 
burnishing media 





Satin Semi-Bright 


Smoothest sheen of the satin fin- 
ishes because of the finer, more 
irregular scratches. Brightness 
dependent on fineness of abra- 
sive in final operation 


(wheel or belt 
polished) 








(+ soap bark for Cu).4 Time required: stainless, 1-4; 
Al, 14-2; Cu, 6-48 hr. Hard to get uniform finish 
on complex-shaped parts 





Several polishing operations following grinding. ® 
Wheels may be fabric, felt or leather; Tampico brush 
wheels may also be used, producing slightly duller 
surface. Lubrication usually required in wheel polish- 
ing with finer abrasives; belts reduce danger of over- 
heating. Approx speeds: stainless 4500-7500, Al 
5-6000, Cu 6-9000 sfpm. Abrasive usually alumina 
or silicon carbide (neither emery nor silicon carbide 
recommended for stainless). Preliminary polishing 
of Cu often done by sand-bobbing (using abrasive and 
wheel wet with mineral oil) 





Satin Semi-Bright 


Smooth sheen; smoothness de- 
pendent on wire size. Usually 
brighter than satin finish pro- 
duced by polishing 


(wire brushed) 


Wire brushing of low polished surface entirely free of 
grease or oil. Brushes for Cu: brass, nickel silver or 
steel. Brushes for Al: stainless steel, brass, nickel or 
german silver (stainless preferred to avoid corrosion 
resulting from embedded particles). Brushes usually 
10 in. in dia; wires range from 0.015 in. down to 0.002 
in. for smoothest finish. Low pressures used. Wheel 
speeds range from 2000 rpm for polished sheet to 
600 rpm for castings (castings are usually dustblasted 
or medium sandblasted before brushing). Nitric 
acid dip may be used after brushing to dissolve 
embedded particles 


| equipment; 





(buffed) Surface is smooth and lustrous, | softer buffs and/or finer compound) following polishing | reflectivity. Usually economic- 
can be made mirror-bright by | or other finishing operations. Skilled operator needed | ally feasible only for larger items 
using fine abrasive’ electro- | to prevent buff-burned or pitted surfaces. Approx | or close tolerance parts. Ex- 
brightening in final polishing, | buffing wheel speeds: stainless 10,000; Al 8000; Cu | amples: household appliances, 
or (on aluminum), by electro- | 6—10,000 sfpm. Aluminum usually given light caus- | sanitary equipment, auto and 
brightening or chemical bright- | tic etch between buffing steps to remove embedded | boat trim, light reflectors, 
ening. Copper must be plated | particles jewelry, small objet d’art. Also 
or clear-lacquered to preserve for Al before anodizing 
appearance 

Smooth Bright Not as bright as buffed surface | Relatively gentle tumbling in barrel with stainless | Similar to above, but generally 

(burnished) esp if surface has retained oxide | steel balls 144—-)% in. in dia and neutral soap solution | smaller, mass-produced parts or 


parts difficult to buff. Ex- 
amples: pen points, eyelets, 
grommets, auto trunk locks, 
auto pushbuttons 





For parts where attractive, low 
reflection finish is desired. Exam- 
ples: dairy, bar and cafeteria 
utensils; auto and 
furniture handles, knobs, rosettes 
Also to prepare for finer finishes 








Same as above. Widely used on 
Al, sometimes on Cu. Not used 
on stainless because of its hard 
surface 





Textured Semi-Bright 


Decorative finish somewhat simi- 
lar to wrought silver. Minor 
scratches and defects obscured 


(hammered) 


Hammering by hand—the simplest mechanical finish. 
Parts may be heated in smoky fire and hammered 
until soot is embedded; polishing of high spots then 
produces special decorative effect 





Used on Al and Cu. Examples: 
architectural and commercial 
products, giftware, novelty items 





Textured Semi-Bright or 


Patterned finish having wide 


Sheet is passed between embossing rolls or pantograph- 


Decoration and increase in ri- 


trim, 





esses. Surface texture depends 
on size and type of abrasive, 
amount of air pressure, and 
movement and angle of nozzle. 
Surface collects dirt unless pro- 
tected, as by clear lacquer 








desired effects and to prevent distortion. Contrasting 
surfaces obtained by enameling, anodizing, blackening, 
highspot polishing, caustic etching, etc. 


Matte variety of decorative effects engraved; recesses may be filled with enamel for con- | gidity. Limited to flat work. 
(embossed or trast and decoration. Applied to polished, buffed, | Examples: building panels, doors, 
engraved) satin finished, sandblasted (Al) or vapor honed | nonskid surfaces, auto 
(stainless) surfaces plaques, tablets, nameplates 
Textured Matte Special decorative effects esp | Spraying surface with fine abrasive or slurry by air | Primarily for aluminum.‘ Ex- 
(sandblasted) by combination with other proc- | pressure. Careful control of nozzle is needed for | amples similar to above; not 


limited to flat pieces 








* Including aluminum and copper alloys. 


> Stainless steel can be purchased with a number of different mill finishes. The bright cold rolled finish is usually specified for subsequent polishing 


or buffing. 
finished and semi-mirror-finished. 


¢ Aluminum mill finishes include a variety of embossed designs and a fluted finish. 

4 Another tumbling process—with granite chips, alumina or silica sand—is used to deburr and smooth stainless and aluminum parts, but does not 
produce as bright a surface and is not recommended for close tolerance parts. 

* On aluminum, a somewhat brighter surface can be obtained by further finishing with steel wool and kerosene; a somewhat duller surface by low or 
coarse polishing followed by rubbing with steel wool and soapy water. 

! Special effects on copper often achieved by engine turning. Stainless is usually vapor honed. 
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If severe forming is to be done, dull cold rolled may be preferable. Higher mill finishes available include polished, Tampico brush- 












Organic Coatings? 





| Styrenated | 













































































Alkyd- Alkyd- Alkyd- Alkyd- 
Type »> Alkyd Amine Urea | Alkyd Phenolic Silicone | Phenolic 
CHEMICAL RESISTANCE | | | 
Exterior Durability................00..0000. E th. & E iE. fe 
ORES E v~ | G | G | € se | F 
Solvents—Alcohols..............+.+-06-0-. F tu & Ff &€ + « rt 
Solvents—Gasoline..................... a G E E E E E E 
Solvents—Hydrocarbons.................... G E E E | E » E 
Solvents—Esters, Ketones.................. 4 ry fF P F P E 
Solvents—Chlorinated..................... P | P P P F P G 
er ee F G G VG VG P E 
Si ccstie ce ripchacwn cares VG | € E E E Pop 
NE ge ne See ae P P P P P P P 
ts i bds vs decade eakededseaes G,G VG, G G,G G, VG F,P P,P P,P 
ee ee F, P,P G, F, P PA, G, F, P VG, G, F G, P,P EEE 
icone. idea aebadessen P,P,P Aes Fr, P,P F, P,P G, F, P P, P,P E, E, VG 
Acids—Organic (acetic, formic, etc.)*........ Sisis P, P,P Aida fe PA, J cha G, F, P 
Acids—Organic (oleic, stearic, etc.).......... F G F F VG G E 
MINUTES 5.3.5 i i's és cccedvcceseacesc P P P P P P F 
gk ere re F G F G E | E E 
ee) Se | | 
PHYSICAL PROPERTIES | 
Sward Rocker Hard. (8th day).............. 24 30 28 28 34 16 38 
eh edissrsdpsavncdsics ond cxsda E VG VG . | 2 F “6 
Petes BOON, GUGIOE®. 5... ce ccccccccesecss 3500 > 5000 > 5000 > 5000 >5000 1000 > 5000 
RS 200 250 225 200 250 1000 350 
NS eS ie cree Kikern Sek None Slight Slight Slight None Slight None 
eh le as ke VG E E G G G G 
esas aa Sean me Sub Ge kta acct G VG VG G G VG G 
i i a cian bot GRR bode ee G G G G VG E E 
Adhesion to— 
EE, ee E E E E E E G 
SE ee E E E E E G E 
Nonferrous Metals...................... F E VG E E F E 
ey RR any ce VG | G G | VG G E G 
DECORATIVE PROPERTIES 
Choice of Colors!...........0....eceee. a -_ =o - | * Toe L 
Color Retention®.....................005. G | VG VG G | P | E P 
nl la ll E E E E VG E VG 
I eo E G F G | F | E F 
APPLICATION | 
BREE PION... as vcccvvccssecccen E Bake req Bake req E E E E 
Metal Surlace Prep........... ccc cc ccccecs Primer No primer | Noprimer | Noprimer | Noprimer | Primer No primer 
Solvent for Application®.................... Hyd Hyd Hyd Hyd Hyd | Hyd Alc 
pale pp A ere men ee U | U U U U U U 
EE TIN CP CCRETEEEPCT CTE SOTTT OT | AorB B B AorB AorB AorB AorB 
eS. cel. sunhadocwabeane’ 30 min 20 min 20 min 15 min 30 min 30 min 30 min 
(275 F) (320 F) (320 F) (300 F) (350 F) (350 F) (350 F) 
Air Drying Times 
Ne DUEL C hii denaePies 6 >0ckead at 2 hr -- —- 10 min 20 min 45 min 10 min 
6 on NE a Ln chhans cokaeibceceen’ 4hr - -- 30 min 60 min 2 hr 30 min 
ne SE wing 4 ace aie 4hr _ — 4hr 6 hr 4-6 hr 30 min 
RE Se COE ee 12 hr a — 4hr 6 hr 12 hr 4hr 
RE EE A 48 hr _ _ 48 hr 48 hr 12 hr 24 hr 
Coverage, sq ft/gal/mil.................... 450 450 450 400 450 500 350 
CE EE 1.5 1.5 1.5 1.5 1.5 0.6 1.5 








*E = excellent; VG = very good; G = good; F = fair; P = poor. 
> Two ratings are for dilute (< 20%) and conc, resp. 


4 Taber CS-10 wheel. 


Ratings are relative only to organic coatings. 
¢ Three ratings are for dilute (< 10%), medium (10-30%) and conc, resp. 
eIn general, E = 700-1000 F; VG = 350-700 F;G = 200-350 F; P = < 200 F. 


‘lL, = limited (pure white cannot be formulated); SL = slightly limited (difficulty in formulating whites and pastels); U = unlimited (any color can 


be formulated). 
* Based on white coatings with titanium dioxide 
'A = can be air dried; B = can be baked. 


} Full corrosion resistance is obtained immediately upon cooling. 


pigment. 


b Hyd = hydrocarbons; ale = alcohols. 


In general, any coating that can be air dried or baked will perform better if baked. 






continued 
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Organic Coatings—continued? 





Silicone 


Epoxy 
(100%) 


Epoxy- 
Amine 


Epoxy- 
Urea 


Epoxy- 
Melamine 


Epoxy- 
Phenolic | 





CHEMICAL RESISTANCE 
Exterior Durability 
Salt Spray 
So!vents—Alcohols 
Solvents—Gasoline 
Solvents—Hydrocarbons 
Solvents—Esters, Ketones 
Solvents—Chlorinated 
Beverages, Foods 


Acids—Oxidizing¢ 

Acids—Organic (acetic, formic, etc.) © 
Acids—Organic (oleic, stearic, etc.).......... 
Acid—Phosphoric 

Water (salt, fresh) 


~wavVVSSemm 


ad 
= 


~ 


mw v 0 


~0 0 & 
vu 


rm 
- Sm mamma amass 
rm 


Pam 
< 
9S 
VUE 


omo 


< 
G> 





rm < < 
 uTmMmmMmmMmamm iGo m™ 


<= 
"oO 
VIVE 





eam 


oO omn"v 


<= 
mmamnmsm 


< 
G 


nm 
- ommm 
m 


ani 

< 

QVM IIS 
v0 U -, 





<m 


mann 


<= 
ep) 


eam 
‘ame 
DQ VTM™MVD? ommm 
~~ Dey 





PHYSICAL PROPERTIES 

Sward Rocker Hard. (8th day 

EE ee "Dae ear 

Abrasion Res, cycles@ 

Max Rec Svc Temp, F 

Toxicity 

Impact Res 

Heat Rese 

Dielec Properties 

Adhesion to— 
ey ene ee 
Ferrous Metals 
Nonferrous Metals 
Old Paints 


36 
E 
> 5000 
400 
Slight 
G 
VG 
VG 


Slight 
G 
VG 





DECORATIVE PROPERTIES 
Choice of Colors ‘ 
Color Retentions 
Initial Gloss 
Gloss Retention 


> 5000 
400 
Slight 
G 
VG 
VG 











VG, E 
> 5000 
400 300 
Slight | Slight 
G E 
VG G 
VG VG 


> 5000 





APPLICATION 
Ease of Application 
Metal Surface Prep 
Solvent for Application® 


Coverage, sq ft/gal/mil 
Coat Thk (avg), mil 





E 
Primer 
Hyd 
U 
AorB 
1 hr 
(400 F) 


45 min 
2 hr 
4-6 hr 
12 hr 
12 hr 
350 
1.0 





Catalyst req 
No primer 
Ketone 
L 
A 


45 min 
2 hr 
6-8 hr 
12 hr 
7-10 days 
450 
1.8 





Catalyst req 
No primer 
Blend | 
L | 
A | 


45 min 
2 hr 
6-8 hr 
12 hr 
7-10 days 
500 





1.8 


Bake req 
No primer 
Blend 
L 
B 
30 min 
(350 F) 





Bake req 
No primer 
Blend 
L 
B 
30 min 
(350 F) 





Bake req 
No primer | Primer 
Blend | Hyd 
L | U 
B AorB 
30 min 30 min 


(400 F) (320 F) 


l hr 

2 hr 

8 hr 

8 hr 

5 days 
450 
1.5 





Notes: See opposite page. 
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Organic Coatings—concluded* 
























































































| Vinyl-Alkyd | Chlorinated | Fluorocarbon Nitro- 
Type »> Vinyl (approx1:1)| Rubber (air dried) Acrylic cellulose Butyrate 
CHEMICAL RESISTANCE | | | 
oak os auch cean dodaenaews E E E E E E E 
SEE a E | E E E E E | E 
Solvents—Alcohol...............ceseeeeee. E | G F [ G G G 
Solvents—Gasoline....................000- E E G F G G G 
Solvents—Hydrocarbons................... G P P P F F F 
Solvents—Esters, Ketones.................. P P P P P P P 
Solvents—Chlorinated..................... P | P P P P P P 
ES gia as xdedicmacedicd’ E F G E VG P G 
IEC C2 s.s4s kabukee eee ben kuWokane E G E E VG G VG 
| SAR eee ere ae neces Fs E | P VG E P P P 
Te eek oe EE G,P VG, F EE G, F PP? P,P 
go E,E,G | VG, G, P E,G,P E&E G, F, P G, F, P G, F, P 
a he E.VEG | PPP | EEF ...« F, P,P P,P, P P,P, P 
Acids—Organic (acetic, formic, etc.)®........ a A ee AAS | G, P,P ue WA fas P. P,P 
Acids—Organic (oleic, stearic, etc.).......... E | E E E F F 7 
I hd hs dcbulnee-eee cede Ws E F | G E P P oe 
Sr Se eee ne E | E VG E E F E 
PHYSICAL PROPERTIES 
Sward Rocker Hard. (8th day).............. 20 26 24 20 24 26 26 
a a E | VG VG G E E E 
Abrasion Res, cycles?................. >5000 2500 >5000 1000 2500 2500 2500 
kee 180 200 250 212 180 180 180 
did cia ake Sodaddighdies seinen’ None None Slight Slight None None None 
INL S2206 DA biiia cc. stata Gakh oon E VG G E E E E 
gt oe ee uuda is ade P F P E P P P 
BUNUN... nb cucccccccceccaedecsn E G | E E VG P G 
Adhesion to— 
Wood, Masonry............. E E | E E E E E 
I sss vas eae ees VG | VG F VG VG VG VG 
Nonferrous Metals.................... VG | VG VG VG VG G G 
rts eee G G E | P P P P 
— OO ——— — hati ——— }—_—____——_- | ————ae —_ = —_—— Peace ee 
DECORATIVE PROPERTIES | | | 
Choice of Colors!...............08.. U U L | U U U | U 
UI, oo Sse siv'svas eb dacbeeed VG G | G G E | E E 
Initial Gloss. . G E F E E | E E 
ES ee ee ree F F F F E | VG E 
APPLICATION | 
OOD ic ikisis odin odes e'es oes VG E E VG VG VG VG 
ici beseds ee sche Primer Primer Primer Primer Primer Primer Primer 
Solvent for Application®.................... Blend Ketone Hyd Blend Blend Blend Blend 
Es WA W8.on ¢60.ch 6 0 bchw' n6 4s dm 05 L L U L U U U 
A eRe Ee Sex cea Gu vss oben din AorB A AorB AorB A A A 
RE CIID, 6c icas cdcccndveauas ove 15 min — 15 min 15 min — _ - 
(300 F) (300 F) (300 F) 
Air Drying Times 
Ri RETR pe Nn ee ae ee 15 min 15 min 45 min 5 min 5 min 5 min 5 min 
ETS PE TED RED POO RTE 30 min 2 hr 2 hr 15 min 15 min 15 min 15 min 
i cg oe te Oe 2 oe one dhe ea an os 4-6 hr 4-6 hr 4-6 hr 12 hr 15 min 15 min 15 min 
RG one Dic oka cas shakes canes eae 4-6 hr 6-8 hr 4-6 hr 12 hr 12 hr 12 hr 12 hr 
PU Eta Ss testeeeie sh 24 hr 6 hr 24 hr 12 hr 24 hr 24 hr 24 hr 
Coverage, sq ft/gal/mil.................... 250 300 450 200 350 200 200 
CS rr Tree 1.0 1.2 1.5 1.0 1.0 1.0 1.0 








*E = excellent, VG = very good, G = good, F = fair, P = poor. 
> Two ratings are for dilute (< 20%) and cone, resp. 


4 Taber CS-10 wheel. 


Ratings are relative only to organic coatings. 
¢ Three ratings are for dilute (< 10%), medium (10-30%) and conc, resp. 
e¢In general, E = 700-1000 F, VG = 350-700 F, G = 200-350 F, P = <200F. 


!L = limited (pure white cannot be formulated); SL = slightly limited (difficulty in formulating whites and pastels); U = unlimited (any color 


can be formulated). 
* Based on white coatings with titanium dioxide 
‘A = can be air dried; B = can be baked. 


pigment. 


bh Hyd = hydrocarbons; ale = alcohols. 


In general, any coating that can be air dried or baked will perform better if baked. 
} Full corrosion resistance is obtained immediately upon cooling. 
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Finishes and Coatings 









Porcelain Enamels 


Composition 


Porcelain enamel coatings are formulated for 
specific applications. They consist essentially of oxide 
color pigments, opacifiers and gases colloidally dis- 
persed in fused silicates. They are smooth, hard and 
lustrous, and resist temperatures as high as 1000 F 
(except on aluminum). They may be formulated to 
provide an attractive, easily cleaned, durable finish ; 
a chemical resistant barrier; or a wear resistant 
surface. 

The enamels generally comprise one, two or three 
layers. The first layer on ferrous metals is usually 
a 3 to 4-mil “ground coat” (analogous to an organic 
primer) containing an oxide of cobalt, nickel or 
molybdenum that promotes good adhesion’ with the 
base metal. Where appearance is not important a 
ground coat may be usci alone; but ordinarily it is 
followed by one or two 8 to 4-mil top coats, depending 
on the thickness required to achieve the desired 
opacity or protection. 

Two general types of porcelain enamel frits are 
most widely used. Titanium types—so called because 
titanium dioxide is the opacifier—are preferred for 
white coatings because of their high covering power 
which makes necessary only a single 3 to 4-mil top 
coat. These relatively thin coatings (about 7 mils 
with a ground coat) have good acid resistance; good 
abrasion resistance; and good resistance to chipping 
during shearing, bending, punching and other fabri- 
cating operations. Titanium coatings can also be used 
for light or pastel colors, but where deep, bright 
colors are desired, acid resistant antimony type coat- 
ings are used. These coatings do not have the cover- 
ing power of titanium types and require two 3 to 
4-mil top coats for good appearance. They are also 
less abrasion resistant than titanium types. 

Frits for aluminum and aluminized steel contain 
lead and are softer than conventional enamels. Lead- 
free frits are undergoing field tests. 


Base Metals 


Enameling iron. Ingot iron specially made for enam- 
eling. Produced in several grades suitable for various 
degrees of drawing or spinning. Good resistance to 
sagging and warping during firing. Produces mini- 
mum of surface defects in enamel. 


Mild steel. Open hearth rimmed steel sheets such as 
AISI 1008 and 1010. Available in drawing quality 
grade. Likely to produce surface defects in enamel. 
Poor resistance to sagging and warping during firing. 


Titanium enameling steel. Basic open hearth steel 
containing enough titanium to combine with and 
stabilize the carbon. Better drawing quality than 
enameling iron but somewhat inferior to the best 
deep drawn grades of mild steel. Yield strength 
comparable to that of enameling iron. Excellent sag 
resistance. Can be coated directly with white cover- 
coat enamels, making possible thin coatings. Expen- 
sive and somewhat limited in supply. 
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Cast iron. Typical satisfactory composition: 2.50 sili- 
con, 0.70 phosphorus, 0.60 manganese, 0.08 sulfur, 
3.00 free carbon and 0.40% combined carbon. Must 
have reasonably dense and uniform structure and 
be free from porosity, slag inclusions and segregation. 
Should be capable of developing a fairly smooth 
surface when sandblasted. 


Aiuminum. Includes wrought 1100, 3003, 6053 and 
6061, and cast 43. Used for light weight, workability 
and resistance to edge corrosion. Can be cut without 
spalling after enameling. Requires prior surface 
treatment. 


Aluminized steel. Combines strength, rigidity and 
sag resistance of steel with much of the workability 
and corrosion resistance of enameled aluminum. 
Requires no prior surface treatment. 


Stainless steel. Not commercially important at pres- 
ent, but promising because of its corrosion resistance 
and the fact that, unlike aluminum, stainless enam- 
eled on only one side does not require straightening 
after firing. 


Appearance 


Color. Strongest, brightest colors are obtained in 
clear glasses, and some desirable colors such as the 
cadmium-selenium reds and oranges and the cadmium 
yellows can be obtained only in clear glasses. Mod- 
erately strong to bright colours can be obtained with 
semi-opaque antimony and zirconium frits. 

Light to moderately strong colors are obtained 
with reduced opacity or “‘semi-opaque” titanium frits. 
Most stable colors are ivory-yellow, yellow, yellow- 
brown and blué-green; however, pink, gray and other 
popular decorator colors are currently in production 
even though some, notably pink, require very expen- 
sive raw materials. Semi-opaque enamels are applied 
about 20% thicker than standard white enamels. 
Weak or light pastel colors can be obtained with 
opaque titanium frits. Crimson to purple range of 
colors is still virtually impossible to obtain satisfac- 
torily. 

Metallic finishes such as copper, bronze, gold 
and gunmetal can be produced by some enamelers. 
Speckled finishes, once limited to white on dark blue 
or black, are now available in a greater variety of 
colors and designs. A wide range of luminescent 
colors that glow in ultraviolet light can be produced. 

Precolored frits, once available only in intense 
blues and blacks, are now available in blue-green and 
in several lighter colors. 


Pattern. Available in wood grain and marble-like 
patterns, in speckled designs, and in various other 
novelty patterns. 


Texture. Ranges from extremely high gloss to a dull, 
full matte. Both glossy and matte finishes can be 
obtained in colors. 


Opacity. Varies with color. White enamels usually 
require reflectance of 70 to 80% for satisfactory 
hiding power. 








Thickness 


The conventional porcelain enamel coating on steel 
consists of a ground coat and a cover coat having a 
total thickness of 7-8 mils. Enamel coatings on heavy 
castings are sometimes much thicker (up to 25 mils). 
Thinner coatings can be achieved by using special 
enamels, special base metals, or special surface 
treatments prior to enameling. For example, single 
coats of 3-4 mils are used on aluminum and alumi- 
nized steel. Titanium-bearing steel requires only a 
single coat. Some of the low firing enamels (i.e., 
enamels fired at temperatures as low as 1250 F) 
can be applied in a single coat. Promising surface 
treatments include application of a phosphate coating, 
and etching or blasting followed by electroless nickel 
plating. 


Application Methods 


Porcelain enamel coatings are applied by hand 
spraying, hand dipping, automatic spraying, auto- 
matic dipping and flow coating. 

Automatic spraying provides more uniform coat- 
ings than hand spraying, reducing the amount of 
enamel needed to insure a specified minimum thick- 
ness. Electrostatic spraying reduces overspraying, 
producing potentially significant materials savings, 
—. where expensive colored enamels are 
used. 

Mechanized dipping, relatively new, is more adapt- 
able to complex parts than automatic spraying. Flow 
coating is particularly advantageous for large cylin- 
drical parts. Flow coated enamels are thinner at the 
top of the part and are prone to drain streaks. 

Firing temperatures of ground coats range from 
1600 to 1700 F. Firing temperatures of conventional 
cover coats on steel range from 1350 to 1500 F. 
Some of the new low firing enamels mature at tem- 
peratures as low as 1250 F. Enamels for aluminum 
are fired at about 1000 F. 


Chemical Resistance 


Acid resistance at room temperature. Enamels are 
rated AA, A, B, C or D, depending on their perform- 
ance in the standard PEI T-7 or ASTM C 282 test. 
An enamel surface is exposed to a 10% solution of 
citric acid for 15 min at 80 F. The enamel is rated 
according to the appearance of the attacked area 
and the extent to which it retains a soil. Enamels 
with an acid resistance rating of A or above are 
usually specified where acid resistance is required. 


Boiling acid resistance. Measured as weight loss of 
specimen exposed to boiling 6% solution of citric acid 
for 2% hr (ACTM C 283). 


Weathering resistance. Porcelain enamels that have 
acid resistance of at least Class B are usually able 
to withstand weathering for many years without 
becoming objectionably faded or etched. Enamels of 
less than Class B acid resistance usually exhibit poor 










weathering resistance. Certain AA acid resistance 
enamels containing a cadmium-selenium pigment 
appear to have poor weathering resistance. 


Alkali resistance. Enamels with good alkali resist- 
ance are available. No standard test exists, but a 
test widely used consists of measuring the loss in 
weight and gloss after exposure to a hot sodium 
pyrophosphate solution. 


Physical and Mechanical Properties 


Abrasion resistance. Porcelain enamels combine a 
Mohs hardness of 4 to 6 with an exceptionally smooth 
surface, resulting in good resistance to scratching 
and abrasion. Abrasion resistance of a porcelain 
enamel is determined by abrading a specimen for a 
given time with an abrasive charge of grit, steel 
balls and water. ° 
Surface abrasion resistance is an index of enamel’s 
ability to retain its appearance after being subjected 
to abrasion at or near the surface. Index is percen- 
tage of original gloss retained after specimen has 
been abraded for about 5 min (PEI T-2). 
Subsurface abrasion resistance is index of enamel’s 
ability to protect underlying metal from exposure. 
Index consists of rate of weight loss over three 
successive 15-min abrasion periods (PEI T-2). 


Torsion resistance. Torsion resistance is better in 
softer enamels and thinner coatings. It is determined 
by twisting enameled metal angle until enamel fails 
along apex. Angle of twist at which failure occurs 
is index of resistance to torsion (PEI T-5). 


Adherence. Ability of enamel to protect base metal 
after it has been exposed to deformation is measured 
by adherence index. Index is determined by deforming 
an enameled metal specimen, then measuring relative 
areas of exposed metal and adhering enamel (PEI 
T-17, ASTM C 313). 


Thermal shock resistance. Porcelain enamels do not 
normally fail from thermal shock unless they are 
cooled very rapidly from a high temperature. Coat- 
ings quenched with water may crack or spall. Thin 
coatings stand up much better than thick coatings. 
A standard test is under consideration by PEI, and 
a standard test for enameled kitchenware has been 
adopted by ASTM. 


Thermal expansion. Thermal coefficient of expansion 
of an enamel should be such that from the firing tem- 
perature to the temperature of solidification no undue 
strains are set up between coating and base metal. 


‘In general, coefficient of expansion of enamels for 


flatware should be slightly greater than that of the 
base metal, and coefficient of enamels for cast iron 
should be close to that of the casting. 


Heat resistance. Most enamels soften at about their 
firing temperature, but limiting service temperature 
is considerably lower and ranges from about 600 to 
1000 F, depending on the application. In some cases 
service temperatures are limited by local strains set 
up as a result of differences in thermal expansion. 
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Aluminum and Its Alloys 


































































































Aluminum Steel, low car- | Sheet, strip, Hot dipped 0.001 in. on each | High heat reflectivity. High | Oven door liners, aircraft fire 
bon or copper- | 0.016—0.112 side (0.50 oz/sq | temperature oxidation resist- | walls, auto mufflers, broiler 
bearing in. ft) ance. Forms refractory iron- | parts, baffles for space 

aluminum alloy at 1000 F.| heaters, toaster inner parts, 
Strong, low cost base water heater casings, jet en- 
gine parts 

Aluminum Steel (ASTM | Strand, 7-wire, | Hot dipped 0.40-1.00 oz/sq | Atmosphere resistance. Gal- | Guy wires, span wires, over- 
A 122) Y4-% in. ft (Class A) vanic protection. Strong | head ground wires 

base. Longer life than zinc 
coated steel 

Aluminum * Steel, low car- | Strip, 0.005 Clad by pressing, | 10% of thickness | High temperature oxidation | Anode plates for electronic 
bon in., anneaied rolling on each side resistance.:At 1000 F forms | receiving tubes 

gray iron-aluminum alloy 
that gives 85% black body 
radiation. Cheaper than car- 
bonized nickel or nickel-clad 
steel. Conserves nickel 

Aluminum > Steel, low car- | Same as above | Clad by pressing, | Same as above Same as above, but suitable | Anode plates for electronic 

bon rolling, for higher ambient tempera- | receiving tubes where close 
tures tube spacing makes external 
temperature too high for alu- 

minum 

1100 Aluminum Sheet, 0.016—| Clad by direct | 2-15% of thick- | Atmosphere resistance. Gal- | Military and commercial air- 
(2024) 0.250 in., O or | rolling or casting, | ness vanic protection. Strong | craft frames, cooking utensils, 

T3 rolling base hardware 

6053 Aluminum Sheet, 0.015—- | Clad by direct | Same as above Atmosphere resistance. Gal- | Power shovel bails, aircraft 

(2014) 0.250 in., O, rolling or casting, vanic protection. Wear re-| fittings, heavy duty forgings 
T4 or T6 rolling sistance. Workable base 

6053 Aluminum Wire, up to % | Clad by casting, | Same as above Same as above Insect screening 
(5056) in. dia drawing 

7072 Aluminum Sheet, 0.015— | Clad by direct | Same as above Atmosphere resistance. Gal- | Cooking utensils, gasoline 
(3008 or 3004) | 0.250 in., tem- | rolling or casting, vanic protection. Workable, | and oil tanks, bus and train 

per rolled rolling weldable base trim 

7072 Aluminum Tube, 4-11 Clad by swaging, | 2-15% of thick- | Same as above Heat exchangers for process 
(3003) in. o. d. drawing ness on inside industries 

7072 Aluminum Sheet, 0.020—. | Clad by direct | 2-15% of thick- | Atmosphere resistance. Gal- | Aircraft structural parts 
(7075) 0.188 in., O or | rolling or casting, | ness vanic protection. High 

T6 rolling strength base 

Copper and Its Alloys 

Brass, Copper Steel, low car- | Sheet, strip, Electroplated 0.10—0.15 mils on | Decoration. Atmosphere re- | Luggage, hardware, costume 
bon 0.008—0.250 one or both sides. | sistance. Good solderability | jewelry, flashlight cases, lamp 

in., temper Natural satin or tubing, chime tubes, cym- 
rolled bright. May be bals, picture frames, display 
striped, crimped, stands 
corrugated 

Brass ¢ Steel, low car- | Strip, 0.004- | Clad by direct | 10 or 15% of | Same as above Cosmetic cases, bed frames, 
bon 0.125 in., tem- | rolling thickness on one nameplates, gaskets 

per rolled or both sides 


























Former! 
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b1144% silicon with 330 nickel on other side. 





°70-30 or 85-15. 
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Copper and Its Alloys (continued) 

































































Brass 4 Steel, low car- | Wire, 0.090- Clad by plating, | %-1 mil (brass | Decoration. Atmosphere re- | Curtain rods, indoor televi- 
bon 0.375 in. drawing only flash) sistance. Cheap, strong base | sion antennas, lamp stands 
metal. Conserves brass 
Brass, Copper Zine Sheet, strip Electroplated 0.10-0.15 mils on | Decoration Moldings, ornaments, trim, 
0.006—0.125 in. one or both sides. badges, buttons 
Natural, satin or 
bright. May be 
striped, crimped, 
corrugated 
Bronze *¢ Steel, low car- | Strip, 0.004- Clad by direct | 10 or 15% of| Decoration. Atmosphere re- | Ornamental trim, shell cases 
bon 0.125 in., tem- | rolling thickness on one | sistance. Cheap, strong base 
per rolled or both sides metal. Conserves copper 
Copper Steel, carbon | Wire, 0.006-— Clad by plating, | 0.25-35% by Electrical conductivity. At- | Lead-in wires for electronic 
0.500 in. Also | drawing weight mosphere resistance. Strong | tubes, communication and 
ribbon base metal. Conserves copper | power lines, lightning rods, 
fencing, springs, plumbing 
float racks 
Copper Aluminum Sheet, strip, Clad by pressing, | 10% of thickness | Thermal, electrical conduc- | Waveguides, variable con- 
(1100 or 5052) | 0.004—0.125 in. | rolling on each side, or | tivity. Good solderability. | denser blades, pots and pans, 
Also seamless 20% on one side. | Plating base. Lightweight | downspouts, heat transfer 
tubing, wire, Also 90/10, | base metal. Conserves cop- | fins, jewelry, shims, bushings, 
bus bars 70/30, 5/90/5 per terminals 
Copper Beryllium cop- | Strip, 0.010- Clad by direct | 10-15% of thick- | Electrical conductivity. Base | Current-carrying springs 
per (25) 0.030 in., tem- | rolling ness on one side | has good spring properties 
per rolled 
Copper Steel, low car- | Strip, 0.004- Clad by direct | 10 or 15% of| Atmosphere resistance. | Gaskets, automotive radiator 
bon 0.125 in., tem- | rolling thickness on one | Compressible surface. Ther- | tanks, electrical contact 
per rolled or both sides mal conductivity. Good sol- | “points’”’” and switches, im- 
derability. Cheap, strong | mersion heater base plates 
base. Conserves copper 
Copper Steel, high Strip, 0.012- Clad by pressing, | 5-20% of thick- | Electrical conductivity. Plat-| Fuse clips, thin-blade or 
carbon 0.025 in., an- | rolling ness on one side, | ing base. Base has good | spiral type springs, pen and 
nealed or 10-35% on | spring properties pencil clips 
each side 
Copper Steel, low alloy | Wire, 0.003- Clad by casting, | 10% of radius for | Electrical conductivity. At-| Grid support rods for elec- 
(with boron) 0.072 in. rolling, drawing | “30% conductiv-| mosphere resistance. Plating | tronic tubes, communication 
ity,” 124% for| base. Strong base metal. | lines, slide fasteners, plated 
“40% conductiv- | Conserves copper costume jewelry, lawn mower 
ity” baskets, fencing, ground rods 
Copper Steel, carbon | Plate, %%-114 | Clad by direct | 10-20% of thick- | Resistance to corrosion, ero- | Chemical process equipment 
or low alloy in. Also heads | rolling ness on one side | sion. Uniform heat transfer. 
Conserves copper 
Cupro-Nickel Steel, low car- | Strip, 0.004— | Clad by direct | 10 or 15% of | Same as above Chemical process equipment 
bon 0.125 in., tem- | rolling thickness on one 
per rolled or both sides 
Phosphor Copper Strip, 0.012—- | Clad by direct | 25% of thickness | Good spring properties. Base | Flat spring blades for 
Bronze (C) 0.025 in., rolling or press- | on each side. Also | has high electrical conduc- | switches and electrical me- 
spring temper | ing, rolling 35/80/35 tivity ters, other current carrying 
springs 
4Over copper. 90-10. 
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Clad and Precoated Metals—continued 
































Base Metal Coating or Cladding | 
Surface es ae: — <i Critical 
rs | Functions, | Typical Applications 
Metal Form How Thickness, Properties 
Applied Finish | 
| | 
Chromium 
Chromium f Aluminum, Sheet, strip, Electroplated 0.15-0.25 mils on | Decoration Toys, reflectors, trim, squee- 
brass, copper, | 0.005—0.230 one or both sides. gee plates, etched name- 
zine in., temper Natural, satin, or plates, display signs, grills 
rolled bright. May be and louvers, miniature let- 
striped, crimped, ters, auto accessories 
corrugated 
Chromium! Steel, low car- | Sheet, strip, Electroplated Same as above Decoration, atmosphere re-| Switchplates, heater parts, 





Gold and Its Alloys 


bon 











Golds 


Gold » 


Bronze, nickel 
silver, nickel, 
sterling silver 


0.004-0.250 
in., temper 
rolled 





Strip, 0.007-— 
0.120 in. Also 
tubing, wire 





sistance 








mirror backs, display stands, 
ferrotype plates, toaster 
shells, chime tubes 








Clad by brazing, 
rolling 


More (‘‘gold- 
filled’’) or less 
(‘trolled gold 
plate’’) than 
1/20 by wt on 
one or both sides 





| Decoration. Atmosphere re- 
| sistance. Relatively low cost 
base 


Jewelry, including watch- 
cases, bracelets, rings, lockets, 
eyeglass frames 





Copper, brass, 
nickel, monel 











Lead and Its Alloys 





Strip, 0.010- 
0.030 in., tem- 
per rolled 





Clad by brazing, 
rolling 


0.5 mils or more 





Chemical resistance. Rela- 
| tively low-cost base 








Bursting disks, other chemi- 
cal process equipment 









































Lead; Steel, low car- | Sheet, strip, Electroplated 14, % or 1 mil | Atmosphere resistance. Good | Telephone cable sheathing, 
bon | 0.005-—0.125 in. min on each side | solderability, drawability. | containers 
(ASTM 6200). | Paint base 
Natural or pol- 
ished 
Lead Copper Sheet, strip, Plated (type II) | 0.060-0.075 (A), | Atmosphere resistance Roofing, flashing 
(ASTM B101) | 0.019-0.028in. | or hot dipped | 0.10-0.15 (B) or 
| (type I) 0.20-0.25 (C) 
Ib/sq ft on each 
| | side | 
Lead! Copper, low Tubing, 34- Clad by extrud- | 24-1 in. on out- | Chemical resistance. Low | Heat exchanger coils for 
carbon steel 2% in. o. d. ing or simultane- | side cost. Base has good strength, | chemical process equipment 
ous drawing high thermal conductivity 
Lead Steel, low car- | Plate, sheet,| Clad by casting, | 4—-% in. (chemi- | Chemical resistance. High | Chemical process equipment; 
bon strip, 4-10 in. | pressing cal) up to 8-10| density. Low cost. Strong | equipment for use with 
Also rod, an- in. (radiation) on | base metal x-rays, radium and nuclear 
gles, channels one side processes 
Lead * Steel, low car- | Sheet, strip, Hot dipped 0.35 oz/sq ft on | Atmosphere resistance. Good | Ammunition boxes, ducts 
bon 0.005-0.125 in. each side. Natur- | solderability, drawability. 
al or polished Paint base. Higher corrosion 
resistance than terne plate 
Terne! Steel, low car- | Sheet, 0.019— | Hot dipped 0.16-0.80 mil on | Atmosphere resistance. Good | Gasoline tanks, caskets, paint 


bon 








0.063 in. 





each side 





solderability, drawability. 
Excellent paint base. Low 
cost 








and oil containers, door 
frames 





{Over nickel. 


iSometimes over copper 
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210K or more. 
iASTM B29. 
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h14K or more. 


«90-95%. 


RING 
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175-85% lead. 
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Nickel and Its Alloys 


















































Inconel, Monel Steel, carbon Plate, % to} Clad by direct | 5-25% of thick-| Resistance to corrosion, ero- | Process equipment 
or low alloy 1/ in. (double-| rolling ness on one side, | sion. Uniform heat transfer. 
clad) or 3% in. or 5-15% on| Low cost base metal. Con- 
(single-clad). each side serves nickel 
Also heads 
Monel Steel, low car-/| Strip, 0.010— Clad by direct | 10-15% of thick- | Same as above Process and marine equip- 
bon 0.030 in. tem- | rolling ness On one or ment 
per rolled both sides 
Nickel Aluminum, Sheet, strip, Electroplated 0.15-0.20 mil on } Decoration Lighting fixtures, name- 
brass, copper, | 0.005—0.230 one or both sides. plates, fryer lids, broiler pan 
zinc in., temper Natural, satin or grids, ice bag caps, eraser 
rolled | bright. May be disks, license plate frames, 
| striped, crimped, buttons ’ 
corrugated 
Nickel Copper Wire, 0.001- Clad by plating, | 0.1-25 mils High temperature oxidation | Electrical circuits subjected 
0.312 in. Also | drawing resistgnce. Electrical con-| to high temperatures 
ribbon ductivity 
Nickel 4 Steel, low car- | Sheet, strip, Electroplated 0.15-0.20 mil on | Decoration, atmosphere re- | Toys, brush ferrules, name~ 
bon 0.001—0.250 one or both sides. | sistance plates, tack beading, paint 
in., temper Natural, satin or test panels, broiler trays, fan 
rolled bright. May be blades, knives, chocolate 
striped, crimped, molds, flashlights 
corrugated 
Nickel Iron or carbon | Wire, 0.006- | Clad by plating, | 0.1-25 mils (}4—| Atmosphere resistance. High | Grid support rods, lead-in 
steel 0.500 in. Also | drawing 10% by weight) | temperature oxidation re-| wires for electronic tubes; 
ribbon sistance typewriter key levers, springs, 
clothes racks, stapling and 
stitching wire 
rey SO | 
A Nickel Copper Wire, 0.001- Clad by swaging, | 27-30% by Corrosion resistance. Elec-| Electrical circuits subjected 
0.500 in. Also | drawing weight trical conductivity to corrosive atmospheres 
ribbon 
Aor L Nickel Steel, carbon Plate, % to} Clad by direct | 5-30% of thick-| Resistance to corrosion, ero- | Process equipment 
or low alloy 14 in. (double- | rolling ness on one side | sion. Uniform heat transfer. 
clad) or to 4in. |} or 5-15% on| Low cost base metal. Con- 
(single-clad). | each side serves nickel 
| Also heads 
L Nickel Brass, low Strip, 0.010-— | Clad by rolling | 10-15% of thick- | Same as above Process equipment 
carbon steel 0.030 in., tem- ness On one or 
per rolled both sides 
330 Niskel Steel, low car- | Strip, 0.005 Clad by pressing, | 10% of thickness | High temperature oxidation | Anode plates for electronic 
bon in., annealed rolling on each side. | resistance. Black body radia-| receiving tubes 
Often carbonized | tion. Low cost base metal. 
Conserves nickel 























Platinum and Platinum Group Alloys 





All 


Copper, brass, 
bronze, nickel 


Strip, 0.010- 
0.030 in., tem- 
per rolled 


Clad by brazing, 
rolling 


1 or more mils on 
all or part of one 
or both sides. 
Mav be .dge-laid, 
inlaid 


Electrical contact properties. 
High chemical resistance. 
Low cost base metal 


Electrical contacts, slip rings, 
chemical crucibles 





Platinum 


Copper, brass, 
bronze, nickel 


Tubing, seam- 
less, up to 144 
in. o. d. Also 
wire 


Clad by brazing, 
rolling 


0.005-0.007 in. 


High chemical resistance. 
Low cost base metal. Ther- 
mal conductivity 


Heat exchangers for chemical 
processes 





Platinum 


Molybdenum 





Wire, 0.003- 
0.060 in. 





Clad by casting, 
rolling, drawing 





Up to 0.001 in. 
(838% by wt) 





High work function (low pri- 
mary electron emission). Re- 
fractory base metal 





Grids for vacuum tubes, par- 
ticularly for use with thori- 
ated cathodes 








4 Over copper. 
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Finishes and Coatings 


Ciad and Precoated Metals—continued 





Metal | 






































































































































Base Coating or Cladding 
Surface Critical 
rt | Functions, Typical Applications 
Metal Form How Thickness, | Properties 
Applied | Finish 
Silver 
| Silver Copper, nickel | Wire, 0.005- Clad by plating, | 0.1-25 mils (44— | Atmosphere resistance. High | High temperature coils, high 
0.250 in. Also | drawing 5% by weight) temperature oxidation resist- | frequency conductors, braid- 
| ribbon ance. Electrical conductiv- | ing for radar cables, strings 
| ity. Low cost base | for musical instruments 
Silver Aluminum Strip, 0.010- Clad by pressing, | 10% of thickness | Electrical contact properties. | Conductors, contacts in air- 
(1100, 5052) 0.062 in. rolling on each side, or} Electrical conductivity. | craft electrical equipment; 
20% on one side. | Lightweight, low cost base. | costume jewelry 
Also 90/10, 70/ | Decoration 
30, 5/90/5 
Silver Aluminum, Tubing, seam- | Clad by pressing, | 0.005 in. on in- | Electronic transmission | Waveguides for electronic 
brass less rectangu- | rolling side characteristics. Low cost | transmission lines 
lar base 
Silver Beryllium, Strip, 0.010- | Clad by pressing, | 15% of thickness | Electrical contact properties. | Contact arms for buzzer cir- 
copper (25) 0.015 in. rolling on all or part of | Electrical conductivity. | cuits, other current-carrying 
one or both sides | Base has good spring prop- | springs 
erties, fatigue life 
Silver Copper, brass | Strip, 0.010- Clad by brazing, | 1 or more mils on | Electrical contact properties. | Electrical contacts, slip rings, 
0.020 in., tem- | rolling part or all of one | Low cost base metal | flexible waveguides 
per rolled or both sides. 
May be edge-laid, 
inlaid 
Silver Invar Strip, 0.006- Clad by brazing, | 0.2-0.3 mil Good electrical contact prop- | Television antenna connec- 
0.008 in., tem- | rolling erties. Low thermal coeffi- | tors 
per rolled cient of linear expansion 
f Silver Monel, nickel | Strip, 0.008- Clad by brazing, | 1 or more mils on | Electrical contact properties. | Electrical contacts subject to 
0.020 in., tem- | rolling part or all of one | Resistance to corrosion, | corrosive conditions or ex- 
per rolled or both sides. | wear. Low cost base metal | cessive wear 
May be edge—laid, 
inlaid 
Silver Phosphor Strip, 0.006- Clad by brazing, | Same as above Electrical contact properties. | Electrical contact springs 
bronze (A, C, | 0.040 in., rolling Electrical conductivity. | 
D) spring temper Base has good spring prop- 
erties 
Stainless Steel! 
Austenitic ™ Copper Strip, 0.010- Cladby pressing, | 25% of thickness} Resistance to corrosion ero- Heat exchangers for chemical 
0.020 in., an- | rolling on one or both | sion. Thermal conductivity. | processes 
nealed sides Uniform heat transfer. 
Workable base metal 
Ferritic ® Copper Strip, 0.025— Clad by pressing | 20% of thickness | Corrosion resistance. Ther- | Pots and pans 


0.050 in. 


or brazing, plus 
rolling 


on one or both 
sides 


mal conductivity. Uniform 
heat transfer .W orkable base 
metal. Decoration 















Stainless 











Steel, carbon 
or low alloy 





Plate, % to 
1) in. (double- 
clad) or to 4in. 
(single-clad). 
Also heads 


Clad by direct 
rolling 





Up to 30% 


side or 15% on 
each side 


of 
thickness on one 








Resistance to corrosion, ero- 
sion. Workable low cost base 
metal 


Process equipment 








Stainless 








Steel, low car- 
bon 


Sheet, plate, 
0.050-0.250 
in., annealed. 
May be pol- 
ished 


Clad by casting, 
rolling 


on one side 


20% of thickness 








Same as above. Decoration 








Process equipment, architec- 
tural paneling, auto bumpers, 
grills and trim, cooking uten- 
sils, food display cases, hos- 
pital sterilizers 









Ferritic ® 












Steel, low car- 
bon 





Strip, 0.015- 
0.095 in., tem- 
per rolled 








Clad by direct 
rolling 





15% on one or 


both sides 





Corrosion resistance. Deco- 
ration. Workable, low cost 
base metal 











Cooking utensils, auto bump- 
ers, grills and trim 
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Clad and Precoated Metals—concluded 




















































































































Base Metal Coating or Cladding 
Critical 
f 
Surface | Functions, Typical Applications 
+ Metal Form How Thickness, Properties 
Applied Finish 
Tin 
Tin Steel, low car- | Sheet, strip, Electroplated 0.013-0.053 mil] Resistance to atmosphere, | Tin cans for food products, 
bon 0.008-0.015 on each side. Also | chemicals. Good solderabil- | kitchenware, bearings (as 
in., temper 0.013 mil on one | ity. Strong, low cost base | base for babbitting), parts to 
rolled side, 0.053 on | metal be soldered 
other. May be 
chromate treated 
Tin Steel, low car- | Sheet, strip, Hot dipped 0.8-2.0 mils(“‘com-| Same as above Tin cans for food products 
bon 0.005—0.125 mon’’) or 0.080 
in., temper (‘‘std’’) mil on 
rolled each side. Nat- 
ural or polished 
Zinc 
Zinc Steel, low car- | Sheet, strip, Electroplated 0.01, 0.084 or! Atmosphere resistance. Gal- | Lighting fixtures, venetian 
bon 0.005-0.125 0.17 mil on each | vanic protection. Strong, low | blind heads, screén frames, 
in., temper side. May be} cost base metal refrigerator parts, sliding door 
rolled. Also phosphate tracks, spools and reels, oil 
flat wire treated cans, signs, auto window 
channels 
Zinc Steel, low car- | Sheet, strip, Hot dipped 0.8-2.0 mils on | Same as above Roofing and siding, agricul- 
bon 0.012-0.172 each side. May tural equipment, refrigerator 
in., annealed be chromate and air conditioner parts, 
treated auto mufflers 
Zinc Steel, low car- | Plate, bar, Hot dipped 3 mils or more | Same as above Same as above 
bon strip and on each side 
(ASTM A123)| shapes; 
0.125 in. and 
thicker 
Zinc Steel, carbon | Tubing, 4-1 | Hot dipped 2 mils or more | Same as above ’ Water pipe. Electrical and 
or low alloy in. Pipe, 4-12 on each side hot air conduits 
(ASTM A53) | in. Also con- 
duit 
Zinc Steel, low car- | Wire, 0.016-— Hot dipped 0.1-1.0 mil Same as above Fencing 
bon 0.500 in. 
Organic Coatings 
Alkyd Baked Low carbon Strip, 0.005- Painted 4-1 mil on each | Decoration, atmosphere re- | Venetian blind slats, curtain 
Enamel steel, alumi- 0.050 in., phos- side. All colors. | sistance rod brackets, calendar frames, 
pum phate coated Low or high auto dashboards, lighting fix- 
formability types ture moldings, awnings 
Cellulose Steel, low car- | Strip, 0.005-—/ Painted 14-1 mil on one | Same as above Toys, novelties, display 
Lacquer bon 0.050 in. May or both sides. frames, premium items, 
be precoated Clear, all colors brackets, auto moldings and 
with copper, trim 
brass, nickel or 
zinc; also phos- 
phate coated 
All Steel (incl elec- | Strip, 0.006— Painted 0.1-2.0 mils on | Same as above Toys, buttons, buckles, clips, 
trogalvanized, | 0.040 in. one or both sides. reflectors, picture frames, 
tinplate), alu- Clear, all colors eraser shields, bottle caps, 
minum, brass, movie reels, addressograph 
zinc plates, ashtrays 
Polyviny! Steel, alumi- | Sheet, strip, Clad by adhesive | 0.008-0.030 in. | Decoration. Resistance to | Business machine housings, 
Chloride num, mag- plate, 0.010- | bonding with| on one or both/ atmosphere, chemicals. Ab- | auto instrument panels, tele- | 
nesium 0.250 in. heat and/or pres-| sides. All colors, | rasion resistance. Formabil- | vision cabinets, air condi- 
sure special textures | ity. Low cost base metal tioner housings and drip pans; 
acid resistant tanks, ducts 
and fume hoods 
Vinyl Lacquer Low carbon Strip, 0.005— Painted 0.4—1.0 mil on/ Decoration. Atmosphere re-| Bottle caps, lipstick cases, 
or Enamel! steel, alumi- 0.050 in. Phos- one or both sides. | sistance. Formability garden tools, toys, battery 
num, brass, phate coated All colors caps, wall tile, eyelets, flash- 
zine light parts 
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PLASTICS 
Literally thousands of uses, 
including prevention of surface 
damage to: injection molded acrylic and poly- 
styrene parts and surfaces during painting, 
finishing, shipping and installation; acrylic air- 
craft canopies during drilling, sawing, assembly, 
shipment and storage; high pressure laminates 
during bonding operation, finishing and ship- 

ment; acrylic skylights during shipment 
installation, and through the 
construction operation. 










PAINTED SURFACES 


Prevents chipped or scratched paint. 
Ends repainting and touch-up often required 
after delivery. Prevents discoloration from sun- 
light, atmospheric conditions, paint overspray, 
fingermarks, etc. It is cheaper to protect than 

to refinish. For office machines and furniture, 
electronic instrument cabinets, etc. 





e Single pass of the spraygun applies a tough 
film of 3,000 psi tensile strength. 

e Strips off easily in one piece. 

e Water-based ‘Spraylat’’ compounds are 
completely fire-safe and non-toxic. (Solvent- 
based “Coverlac’’ compounds should be 
used where fast drying is necessary.) 


ue SPRAYLAT 


spray-on, strip-off coatings 
to protect, mask and store 





SPRAYVLAT 00. 


For more information, turn to Reader Service card, circle No. 463 
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METALS 


Protects against weathering, 
rust, oxidation, chemical stains, 
salt water damage and corrosion. Used by U.S. 
Air Force and U.S. Navy to protect aircraft 
“skin” against scratches during assembly, salt- 
spray during transoceanic shipment, dust storms 
in the desert. Protects surface against die marks 
and scratches during fabricating 

operations such as bending, 

drawing, drilling, 
shearing. 







GLASS and RUBBER 


Prevents scratches on plate glass, 
watch, clock and instrument crystals, etc. Pro- 
tects vitreous tile and enamel (bathtubs, sinks) , 
from nicks, spilled paint and plaster, 

during manufacture, shipment and 
installation. Protects rubber 

from cracking. 


e Sprays on with standard pressure type 
spray equipment. 


e Spray equipment cleans with ordinary tap 
water. 


e Ready to spray as supplied. 


e No thinning necessary. 





One Park Avenue, New York 16, N. Y. 





























CON 


PIONEER IN 


AUMATES 


NOW OFFERS DECORATIVE 


Mr 


ON ECONOMICAL 


NC 


At long last you can now secure 
beautifully bright, gleaming colors 
from a simple LUSTER-ON chro- 
mate dip process for your zinc 
plated small parts. 








These are not just spotty identi- 

fication colors. These are scintil- 

/ lating golds, yellows, blues, greens, 
violets, reds, brass and copper hues 

that will add glamor and sales 


uppeal. 


Especially Brilliant 
on Wire Goods 


Be the first in your field to offer this 
sales booster. Write or wire today 


for the full story on low-cost 
LUSTER-ON COLOR. 


Samples Gladly Processed Free 


West Coast: Crown Chem. & Engr. 
Los Angeles & San Francisco 
Canadian Licensee: Alloycraft Ltd., Montreal 





For more information, circle No. 477 








NOW 


TUNGSTEN 
CARBIDE 
HARD 


FACING 


with the METCO 
ThermoSpray Gun 


Now you can apply coatings 
of this extremely hard 
material with the required 
concentration of carbide, to 
any desired thickness, with a 
low-cost installation in your 
own plant, or have it done at 
reasonable cost in a metal- 
lizing job shop. 


Photo-micrograph of sprayed 
coating, showing high tungsten 
carbide (dark particles) con- 
centration. Mag. 50x — actual 
size of area shown, approx. 
.040” x .040”. (Photo courtesy 
Sam Tour & Co., Inc.) 


These coatings are non-porous, 
homogeneous, have very high 
tensile strength and provide 
excellent wear resistance 
under the most extreme service 
conditions. 


For full details—write, wire or 
phone for Bulletin 139. No obli- 
gation, of course. 


Metallizing Engineering Co., Inc. 

1187 Prospect Ave., Westbury, Long Island, 
New York EDgewood 4-1300 
in Great Britain: Metallizing Equipment Co., 
Ltd., Chobham near Woking, England 





For more information, circle No. 568 
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SELF-ADHERING 


MIRRO-BRITE 
7 
* 


ba 





METALLIZED AND LAMINATED 











GIVES THE MAGIC TOUCH 


of gleaming metallic highlights 


TO YOUR PRODUCT 


for added eye appeal 
... greater sales appeal! 


Want to dress up your product to outshine 
your competition? Mirro-Brite “Mylar” pro- 
vides the perfect answer. Application is 
simple... peel off paper backing and press. 
Amazingly tough, non-tarnishable Mirro- 
Brite “Mylar” will stick permanently to its 
job of beautifying your product. Also avail- 
able without pressure sensitive backing. 
Its versatility is unlimited for a wide 
variety of usages in tapes or cut-to-size 
panels. Many colorful finishes, lamina- 
tions and embossed patterns. 


*“Myler’’ is DuPont's registered trade mork 
for its brand of polyester film. 


Write Now for actual samples and prices. 





Dept. MDE-10, 101 W. FOREST AVE., ENGLEWOOD, N.J. 


PIONEERS in METALLIZED MATERIALS! 


Manufacturers of Mirro-Brite “Mylar,” 
Acetate, Polystyrene and Butyrate. 


For more information, circle No. 469 
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SUPPLIERS’ 





Rubber-Metal Parts. Acushnet Process Co., 
7 pp, illus. Describes the Apcotite process 
for bonding natural and synthetic rubbers, 
including silicones, to metals. 262 
Zinc Die Castings. Advance Tool & Die 
Casting Co., 4 pp, illus. Machining and 
finishing of zinc and aluminum die cast- 
ings. 263 


Steel Forgings, Castings. Allegheny Ludlum 
Steel Corp., Forging & Casting Div., 30 pp. 
illus. Data on smooth hammered forgings, 
composite die sections and cast-to-shape 
tool steels. 264 


Stainless Steel Parts. Alloy Products Corp., 
20 pp, illus. Information on fabricated, 
drawn, formed and welded stainless steel 
shapes. 265 
Aluminum Products. Aluminum Co. of 
America, 14 pp, illus. Facilities for design- 
ing, forming, joining and finishing alumi- 
num products. 266 
Aluminum Castings. Aluminum Industries 
Inc., 4 pp, illus., No. 20A. Company facili- 
ties for producing aluminum castings. 267 
Aluminum Castings. Aluminum Permanent 
Mold Co., 4 pp, illus. Facilities for pro- 
ducing aluminum permanent mold and sand 
castings. 268 


Steel Forgings. AmForge Div., American 
Brake Shoe Co., 16 pp, illus. Properties of 
steel forgings. Shows forged gears, rings 
and pinions. 269 
Nofiferrous Shapes. American Brass Co., 
20 pp, illus., No. B-28 S. Physical proper- 
ties of copper, bronze, nickel silver, phos- 
phor bronze, and brass tubes, pipe. elec- 
trical conduit and other products. 270 


Spun Steel Tubing. American Cast Iron 
Pipe Co., Special Products Div., 64 pp, 
illus. Dimensional data, physical uveqer Ses 
and uses of spun steel tubing. 271 


Molded Reinforced Plastics. American In- 
sulator Corp., 8 pp, illus. Properties and 
uses of molded reinforced plastics. 272 


Extruded Plastics Shapes. Anchor Plastics 
Co., Inc., 12 pp, illus. Grades, colors, uses, 
finishes and dimensions for extruded plas- 
tics shapes, rods, tubes and moldings. 273 


Wire Parts, Small Stampings. Art Wire & 
Stamping Co., 4 pp, illus. Shows a variety 
of wire parts and small metal stampings 
produced in both ferrous and nonferrous 
metals. 274 


Nonferrous Castings. Atlantic Casting and 
Engineering Corp., 12 pp, illus. Uses, chem- 
ical composition, ASTM and Federal speci- 
fications, and physical and mechanical 
properties of brass, bronze and aluminum 
castings. 275 


Plastics Gaskets. Auburn Mfg. Co., 4 pp. 
Dimensions, prices, properties and uses of 
gaskets, washers, shims, spacers and sheets 
~ gd of plastic, leather, rubber, cork aes 
elt. 


Stainless Steel Pipe. Babcock & Wilcox 


Co., Tubular Products Div., 2 pp, No. TDC- 
188. Comparative prices for various grades 
of seamless stainless 
pipe. 


steel tubing and 
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LITERATURE 


ENGINEERING 





mums FOrms and Shapes of Materials 


Aluminum Castings. Morris Bean & Co., 58 
pp, illus. Characteristics of the Antioch 
Process for making nonferrous castings. 
Gives specifications and mechanical proper- 
ties of aluminum fluid flow, microwave, 
aircraft, automotive and special military 
castings made by the process. 278 


Nonferrous Castings. Bendix Foundries, 
Div. of Bendix Aviation Corp., 4 pp. In- 
formation on the design and production 
of sand, die, shell, plaster and permanent 
mold castings made of magnesium and 
aluminum alloys. 279 


Steel, Nickel Tubing. J. Bishop & Co. Plat- 
inum Works, 12 pp, illus. Uses, corrosion 
resistance, properties, sizes, specifications 
and workability of stainless steel and 
nickel alloy tubing. 280 


Plastics Parts. Marbon Chemical Div., 
Borg-Warner Corp., 4 pp, illus., No. 4. 
Case histories on the use of Cycolac ther- 
moplastic resin in movie camera and out- 
board motor parts. Gives mechanical prop- 
erties of injection molded specimens. 281 


Aluminum Impact Extrusions. Hunter 
Douglas Aluminum Div., Bridgeport Brass 
Co., 44 pp, illus. Description of backward 
and forward aluminum impact oe. 

28 


Steel Tubing. Bundy Tubing Corp., illus. 
Steel tubing for various industrial appli- 
cations. 283 


Butyrate Pipe. Busada Mfg. Co., 4 pp, illus. 
Working pressures, uses, sizes and proper- 
ties of butyrate plastics pipe. 284 


Finned Tube. Wolverine Tube Div., Cal- 
umet & Hecla, Inc. Uses of Trufin integ- 
rally finned tube in the electrical, refrig- 
eration and allied industries. 285 


Stainless Steel Parts. G. O. Carlson Inc., 
2 pp, illus. Shows typical stainless steel 
items produced to customer toni 


Stainless Steel Tubing. Carpenter Steel Co., 
Alloy Tube Div., 4 pp, illus. Information 
on stainless steel and special purpose al- 
loy tubing for nuclear energy me 


Steel Needle Wire. Webb Wire Div., Car- 
penter Steel Co., 4 pp, illus. Shapes and 
sizes, tolerances, and physical properties 
for a line of plain carbon steel needle 
wire. 288 


Investment Casting. Casting Engineers, 
Inc., 8 pp, illus., No. 120. Use of metal 
molding dies for polystyrene plastics pat- 
terns for close tolerance investment cast- 
ing. 289 
Die Pressed Srass Forgings. Chase Brass 
& Copper Co., 4 pp, illus. Three-dimen- 
sional photographs compare die pressed 
brass forgings and brass sand a 


Upset Metal Forgings. Champion Rivet Co., 
8 pp, illus. Describes the upset forging 
process and shows how the process can 
achieve savings on valve and trunnion 
shafts. 291 


Plastics Parts. Comco Plastics, Inc., Div. 
of Commercial Plastics & Supply Corp., 4 





electrical, thermal, 


pp, illus. 
chemical and physical properties of nylon, 
TFE, Kel-F, polyethylene, polystyrene and 
acetate plastics parts. 292 


Mechanical, 


Forgings, Stampings. Commercial Shearing 
& Stamping Co. 4 pp, illus., No. 900-P2. 
Typical metal shapes made by forging, 
stamping and ‘‘Roto’’ forming, a process 
whereby metals are cold formed under high 
pressure. 293 


Injection Molded Plastics. Consolidated 
Molded Products Corp., 333 Cherry St., 
Scranton 2, Pa., 20 pp, illus. Information 
on compression and injection molded plas- 
tics products. Write on company letterhead 
directly to Consolidated. 


Molded and Extruded Rubber. Continental 
Rubber Works, 8 pp, No. 100. Dimensions 
of molded and extruded rubber with cross- 
sectional illlustrations. 294 


Stainless Steel Castings. Cooper Alloy 
Corp., Nuclear Products Div., 4 pp, illus. 
Methods and procedures used to obtain 
stainless steel castings with strengths 20% 
higher than required by code for unfired 
pressure vessels. 295 


Steel Tubing. Ohio Seamless Tube Div., 
Copperweld Steel Co., 8 pp, illus., No. CS- 
58. Describes carbon and alloy stainless 
steel tubing in mechanical, aircraft and 
pressure grades. 296 


Teflon Parts. Crane Packing Co., 4 pp, 
illus., No. P-327. Describes a line of gas- 
kets, back-up rings and o-rings made of 
Tefion. 297 


Castings. Curtiss-Wright Corp., Metals 
Processing Div., 10 pp, illus. Facilities for 
research, development and production of 
castings. 298 


Welded Stainless Tubing. Damascus Tube 
Co., 6 pp, illus. Explains how welded stain- 
less steel tubing is manufactured. 299 


Die Castings. Dollin Corp., 16 pp., illus. 
Plant and facilities for die casting large 
and small parts of zinc and a 


Forgings. Drop Forging Assn., 1121 Illum- 
inating Bldg., Cleveland 13, 8 pp, illus., 
No. 2. ‘“‘Drop Forging Topics” discusses the 
use of forgings in farm equipment, auto- 
mobiles and surgical instruments. Write 
on company letterhead directly to Drop 
Forging Assn. 


Alloy Steel Castings. Duraloy Co., 16 pp, 
illus., No. 3354-G. Corrosion resistance, 
uses, chemical composition and physical 
properties of high alloy steel castings. 
Castings are of two types—static and 
centrifugal. 301 


Plastics Parts. Dura Plastics of New York, 
Inc., 8 pp, illus. Information on the fab- 
rication and availability of plastics adver- 
tising displays, lighting fixtures, boat bod- 
ies, windshield and instrument panels and 
dials. Shows company facilities. 302 


Wire Forms. Eastern Tool & Mfg. Co., 112 
pp, illus. Illustrates various ferrous and 
nonferrous wire forms and metal stamp- 
ings made by the company. Includes 
handles, hooks, staples, rings, clips, D- 
rings and triangles. 303 





continued on p 366 
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Forms and Shapes of Materials 


Design Features of Metal Forms 





Choice of 
Materials 


Complexity 
of Part 


Maximum 
Size 


Minimum 
Size 





Form 
7 
Sand 
Castings 
Shell Mold 
Castings 





Permanent Mold 
Castings 





Plaster Mold 
Castings 





Investment 
Castings 





Die 
Castings 





Drop 
Forgings 


Press 
Forgings 





Upset 
Forgings 





Cold Headed 
Parts 





Continuous Cast 
Parts 





Extrusions 





Impact 
Extrusions 
Roll Formed 
Shapes 





Stamped and 
Press Formed Parts 


Wide—ferrous and non- 
ferrous metals 

Wide— same as shane ex- 
itn low carbon steels 


benbricied~dress. 
bronze, aluminum 
Narrow—brass, bronze, 
aluminum 


Considerable—holes, 


bosses, locating pads 


Moderate— limited by | 
mold removal problem 


 Limited—restricted by 
use of rigid molds 


Considerable maid rm 


stroyed in removal 


| 
| 


Great—largest forms 
made are sand oor 
<60 j in. square. Best for 
smaller parts 


be 02. sections: as thin as | 


Moderate—50 lb is prac- 
tical limit in aluminum 





| Moderate—up to 15 Ib in 
| most materials 


| Y in. is smallest practi- 


cable section 


Ag-in. sections 


| 0.1 in. 


Small—Yo- in.sections | 
| possible 





hard to forge or machine 


Wide—includes materials | 


limitations 





Medium—many ferrous, 
nonferrous alloys 
Medium—best for non- 
ferrous alloys 





nonferrous alloys 


| quired 


| Moderate—limited by die | 


| restrictions 


Narrow—zinc, alumi- | Considerable—though | | Large—up to 75 Ib in 
num, brass, magnesium | costly dies might be re- 


| 
Considerable—very few | Moderate—best for parts 
| under 2 Ib 


_ aluminum, 200 Ib in zinc 





Large 


 Limited— but greater | | ‘Large 300- 400 Ib a prac- 
than drop forgings 


| shapes 


| 


| 


| tical maximum 


SS ——— —— | ——__ — —--— 


Medium—many ferrous, | Limited to cylindrical | 


Medium—9-in. bar about | 
| largest 


Small—sections down to | 


Sections as small as | 


0.025 in. 


| Small as fraction of an | 


ounce 


Smaller than drop forg- 
| ings 


Mederate—not compiz r- 
| able to casting 








bronze 


Restricted—light metals, 
some steels, copper, ti- | 
tanium 





Narrow—aluminum, 
magnesium, some steel 


steel, some aluminum 


Narrow—bronze, nickel | 








Narrow—confined to | Limited—less flexibility | Small—7 in in. - by Y, in. 
steel, highly ductile alloys | than forgings 


| 


Limited—can be complex | 


in cross section only 


| Limited—can be complex | 


in cross section only 





} 
| 


| Limited—must be con- | 
| centric 


uniform cross sections 





Wide—all workable 
metals 


restrictions 


| 
| 


| 





dia usual maximum 


Moderate—9 in. max dia | 


Medium— 8 to 10 in. max 
| dia | 


Small—6 in. dia in soft | 
alloy, 4 in. in hard 


Narrow—cold rolled | Restricted to thin and | Large 


| 


Moderate—some design | Large 


can be made 


Moderate— in. for sec- 


| tions 


| Small— 0. 050- in. sections | 


in aluminum and mag- 
nesium 


Moderate—% in. dia 
| smallest 


| Sections from 0.125 in. | 


up 





Small—sections as thin | 


as 0.003 in. possible 





+ Small—4-in. dia parts 








Metal Moderate—iron, steels, | Limited—powders flow | Small—parts less than | Small—<%g in. dia pos- | 
Powder nickel, brass, nickel al- | poorly, do not transmit | 4 in. square best sible 

Parts loys, refractory metals pressure 

Spinnings Wide—many sheet metals | Limited—cy indrical or | Large—up to several feet | Moderate—'% in. dia in 


concentric shapes 


in dia 


gages less than 0.040 in. 





Screw Machine 


Wide—best suited to 


Moderate—limited to ro- 


Medium—up to 6in. 


Small—<g in. dia 











Parts highly machinable metals | tational shapes long, 2% in. dia 

Electroformed Narrow—iron, copper, | Great—extreme com- | Limited—\%-in. sections | Small—0.005 in. or less 

Parts nickel, silver plexity possible can be built up 

Tubing Wide—any ductile metal | Limited by sectional | Usually 4 to 6in. o.d. Moderate—' in. 0.d. 
available in tubular form | shapes of tubing 

Welded and Wide—dissimilar metals | Great—extremely com- | Unlimited Moderate 


Brazed Parts 





can be joined 





plex shapes 
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Viet DOGS 



















































































Mechanical Precision, Special Structural Surface Surface 
Properties Tolerances Characteristics Smoothness Detail Remarks 
——— — : — 
Fair to high depending | +%e6—A2 In./in., closer | Good bearing structure Poor Poor Usually require some 
upon metal cast at extra cost machining before use 
Good—little porosity, few | +0.003-0.005 in./in. High quality for cast | Good Good Considered best of low 
gas inclusions _ metals cost castings 
Good—high in centrifugal | +0.01-0.05 in. As above Cood Cood Large quantities allow 
castings | production economies 
Fair +0.010-0.005 in. - Good Good Little finishing required 
¥ Good +0.005 in./in. common, | High quality for cast | Excellent Excellent | Best for parts too com- 
+0.002 in./in. possible | metals | plicated for other casting 
Fair +0.001 in./in. Special properties can be | Good Good Most economical where 
obtained through use of applicable 
inserts 
High +0.010-0.030 in. with- | Grain flow provides | Fair Fair Used where high strength 
out joining toughness isrequired , 
High +0.0C5 in. | Hot working gives struc- | Fair Fair Closer tolerances and 
| tural advantages greater complexity than 
drop forgings 
High | Medium- compare to | Grain flow provides | Medium Medium Best suited to small parts 
press forgings toughness 
High | +0.010 in. common, | Tough structure High Fair High production rates 
| +0.002 in. possible 
Good to high depending on | +%ain.,closeron rounds | High quality for czst | Gcod Only as pcrt of | Provides long section and 
alloys metals contour complex shapes 
Good +(0.005 in. common Grain flow improves | Good Only as part of | Sometimes used as 
properties contour | blanks for other proc- 
| esses 
Higt—metel cold worked | +0.(01 in. common Grain flow improves | Good Good Can eliminate machining 
properties 
Good +0.002 in. common Cold work improves | Good None Requires large quantities 
properties 
| Good to high Good—to +0.001 in. — High Good to excel- | Extremely low cost in 
_ common | | lent | quan, otherwise moderate 
| Fair to good Good—-+-0.001-0.C05 in. | Porosity can be controlled | Fair | Fair Can use materials not 
common and complex materials | | formable by other proc- 
| | formed | esses 
| Good | Fair—+-0.015-0.060 in. | Grain flow, cold workim- | Good _ None Good for large pieces or 
| | common; better at added | prove properties | short runs 
| | cost | 
High +0.001-0.005 in. pos- | — | Excellent | Good | High production rates, 
| sible | | | | low cost 
| Fair—lower than wrought | High—-+-0.002-0.0002 in. | _ | Excellent | Excellent Best when complexity 
common | | and accuracy essential 
anne - — sinha deat ak eaeicoinn 
Good—cold working im- | Good—depends on qual- | Grain flow improves | Good | None | Good means of reducing 
proves properties ity of tubing | properties | costs 
Variable—depends upon | Medium—not highly pre- | Can combine parts with | Depends on | None Often needed to meet 
components cise | special properties | components | | design requirements 
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Forms ¢ 
Shapes 


Forms and Shapes of Materials 





Castings 


General 


Sand castings. These castings are usually the first 
type considered, A major advantage is their availa- 
bility in almost limitless shapes and in extreme com- 
plexity. Sand castings can be extremely large, but 
there is a practical limit te their minimum size. The 
process is not recommended for thin-section castings. 

When moderate quantities of a part are required, 
sand castings can be relatively inexpensive, despite 
the hand labor required. Practically any metal can 
be used, with the exception of the newer metals 
which react with air while in the molten state. For 
precision parts, sand castings are usually restricted 
to the light alloys and certain bronzes. 


Precision sand castings. Higher accuracy in sand 
castings is attributable to foundry techniques and 
closer control over the variables rather than a 
change in process. Carefully constructed baked sand 





cores are used when this accuracy is specified, 
whereas normal green sand molds are used elsewhere. 

Most precision sand castings are formed of alumi- 
num and magnesium alloys and the phosphor and 
tin-bearing bronzes. The as-cast mechanical proper- 
ties of these castings are approximately the same 
as those found in conventional sand castings. 


Shell mold castings. These castings are formed of 
any alloy that can be cast in sand, though some cast- 
ing alloys may be more difficult than others. The low 
carbon steels tend to have surface defects. Sweating 
of tin and lead in brasses and bronzes containing 
a high percentage of these alloying elements has 
caused problems. The reactivity of magnesium with 
oxygen and silica sand must be countered with 
inhibitors or mold washes. 

Mechanical properties are comparable to, or better 
than, those of sand castings. Closer control can be 


GENERAL CHARACTERISTICS OF CASTINGS 









































Cost Size As-Cast 
Type Sms Timec Finish, 
$ rms* 
Labor | Equipments Material Typical Pouring Range Avg, |b¢ Min Section 
Rate, per hr> Thk, in. 

Sand High Die low, ! Low 25 3-15 | <1 oz to >200 | Fewounces | Speciali—Y%, | Requires 
tooling high, days | tons to several | small—%.-%,| grinding, 
pattern % of tons large—%e-% | polishing, 

| die buffing 

Precision | Medium | Low High 300 per month 4-6 Max size not | 1-4 0.050 75-80 

Sand high weeks | known. Present 

—<1 Ib weight 
to 6 ft length 
Permanent | Medium | High Nonferrous— | 30 6-12 | 1 oz to 600 Ib 1-10 0.090 100-125 
Mold high, gray weeks 
iron—low 

Plaster Medium | Low High 4-5 4-6 <1 0z to >100 | 3-5 0.040-0.060 | 50 

Mold high weeks | Ib 

Investment | High Varies with | Wide range Generally low; | 4-6 <1 oz to 25 Ib | Up tol 0.030 60—wax 
quality of higher with plas- | weeks | —wax or plas- and plas- 
pattern die tics pattern tics; > 100 Ib— tics; 40— 
necessary frozen mercury mercury 

Die Low High High 75-150 alumi- | 814 | <lozto75\b{| %-1 0.050 50 

num, magnesium, | weeks | aluminum; <1 
copper-base ; 300- 02 to 200 Ib zinc 
350 zinc 




















*Dies, patterns and/or machines. 


>These figures are general for one set of equipment. Actual rate of casting production depends on number of cavities per mold. 


¢From complete design to production. 
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4Average size of competitive castings. 


¢Finish obtainable in limited areas, 





exercised. Since the shell mold is baked dry, the lack 
of moisture slightly increases the insulating effect 
of the mold; the resulting slower cooling of the metal 
produces better uniformity of structure. The high 
permeability of shell molds minimizes porosity and 
voids in the solidified metal by allowing air and gases 
generated during pouring to escape through the shell. 


Permanent mold castings. Parts must be of relatively 
simple design, but some complexity is possible by 
using sand cores with steel molds (semipermanent 
molding). Because of the relatively low temperature 
limit of the mold material, the process is limited to 
the lower melting alloys. Aluminum alloys are the 
most commonly cast. Copper-base alloys, magnesiuni 
and, more recently, gray iron are also cast in per- 
manent molds. 

Permanent mold castings are usually dense and 
fine-grained, and can be made with better surfaces 
and closer tolerances than sand castings. Molds may 
be preheated to the 700-800 F range to achieve high 
control. Tolerances must be wider than for die cast- 
ings, shell mold castings and plaster mold castings. 


Plaster mold castings. These castings are noted for 
their fine finishes which reflect the smoothness of 
the plaster in which they are cast. The insulating 
quality of the mold causes a slower cooling rate 
which results in a reduction of tensile strength and 
elongation. Although plaster mold castings are used 
for some high production parts, they are usually 
considered for small to medium-sized lots. Molding 
costs are relatively high, but these costs are usually 
recovered because of the minimum of machining. 

Because of the temperature limitations of the mold 
material, this method is restricted to casting alloys 
with a melting point below 2000 F. These include 
aluminum, magnesium, and some of the copper-base 
alloys, such as yellow brass, silicon bronze, beryllium 
bronze, aluminum bronze and manganese bronze. 
Some foundries restrict lead content to 1.5% because 
of the reactivity of lead with plaster; others claim 
to have cast 50% lead alloys without difficulty. Alloys 
containing silicon lend themselves to finer detail 
with better surface finish. When casting magnesium, 
special plaster compositions and handling techniques 
are required, as well as more ample feeding facilities 
in the mold. 


Investment castings. These parts are formed using a 
pattern molded in wax, plastic, or frozen mercury. 
Each pattern type has characteristics that make it 
more suitable for certain parts. Wax permits the 
greatest flexibility of design and is the least costly. 
Plastics permit more rapid production of patterns 
and also allow a surplus of patterns to be stored for 
future use. Frozen mercury allows larger sizes to be 









cast and requires only a thin ceramic shell which, in 
turn, results in better metal quality. In general, invest- 
ment cast parts offer dimensional tolerances superior 
to those of other castings, can be made in shapes too 
complex for metal powder parts, and can be made 
of metals with melting points too high for die cast- 
ing. Mechanical properties are generally high. 

Of the six types of close tolerance castings (i.e., 
excluding sand castings), investment castings are 
matched only by shell moldings in the range of 
castable alloys available. These alloys include high 
melting ferrous alloys, copper alloys, special high 
temperature nonferrous alloys, and all castable 
aluminum and magnesium alloys. Though the same 


MACHINE FINISH ALLOWANCES 























Metal Pattern Size, in.} Bore, in. Finish, in, 
a 

Cast Iron Up to 12 VY Yo 
13 to 24 Ye Y 

25 to 42 4 Ye 

43 to 60 Ae 4 

61 to 80 ¥, 5g 

81 to 120 Ae % 

Over 120 ~ « 

Malleable Irons: ». «4 Upto 6 Ye “is 
6to 9 3 Vg 

9 to 12 Yo Ya 

12 to 24 Yo Ve 

24 to 35 % Ye 

Over 36 ~ & 

Steele Up to 12 Ye Vp 
13 to 24 Y% Ye 

25 to 42 Ae Ag 

43 to 60 ¥, % 
61 to 80 Y% Ae 

81 to 120 Ye \% 

Over 120 ' « 
Brass, Bronze, Up to 12 % “Ug 
Aluminum! 13 to 24 Ye Ve 
25 to 36 Ye Yo 

Over 36 - « 








s When castings are constructed so that they warp more than the average 
amount, the allowances given should be increased. 

bDisk grinding—only sufficient finish required to take care of draft and 
possible warpage. 

eCoin pressing—practically no finish allowance required. 

4For small parts, an allowance of 14-1, in. is satisfactory. Larger parts 
require a slightly greater allowance. 

eAllowance ranges from \% to 1 in. Values given for finish are normal 
for ordinary finishes on the drag side. For finished surfaces on the cope 
side, it is often necessary to double the allowance. 

‘For small or medium-sized nonferrous castings, % in. is a customary 
allowance, with correspondingly larger allowances on larger castings. 

sSpecial instructions, 


continued 
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Forms and Shapes of Materials 


Castings—concluded 


general degree of accuracy is obtainable with all 
alloys, it is easier to obtain with the nonferrous 
alloys because of their higher fluidity and lower 
melting points. 


Die castings. Only nonferrous alloys are suitable for 
die castings. The range of these alloys is adequate 
for most needs but more limited than for sand cast- 
ings. Alloys used, in order of tonnage, are: zinc, 
aluminum, copper, magnesium, lead and tin. They 
can be grouped in low and high melting classes 
according to melting point: 


Low melting alloys 








BE 4.5 64.04:64600066044.00 5660000885 727 F 

PPP e CIeTIET TT eT ee 484 F 

. ere erry eee TTTETETTen Tee 417 F 
High melting alloys 

I 6.55 0 i. 00nd SOE ES 6 40.08 1115 F 

EL 9.6.0.4 60 0880646060 e0@% 1110 F 

ae SEREETETEEELELIUL TTL 1600 F 


The high melting group are usually cast in cold 
chamber or air injection machines; the low melting 
alloys in plunger machines. Of all casting processes, 
die casting is by far the best suited to high produc- 
tion of quality parts. As in permanent mold casting, 


an advantage is derived from t*: high thermal con- 
ductivity of the steel used in the die. The resultant 
chilling effect promotes fine grained metallurgical 
structure. Though die castings are subject to varying 
degrees of porosity, proper engineering of the casting 
and die may confine it to noncritical areas. 


Design Factors 


Draft allowances. Draft allowance is normally at 
least % in. per ft., although it often ranges from 
% to % in. per ft. It is seldom less than 1 deg and 
% in. per ft. In sand and plaster mold casting, the 
mold is destroyed; therefore the draft required is 
only necessary to remove the pattern. Investment 
casting requires no draft, though % to 1 deg can 
be specified for single parting, noncored dies. Froz2n 
mercury, wax and plastics patterns require no draft, 
but % deg is used with Kirksite dies. 


Permanent mold—A minimum of 2 deg on each 
side is usually provided, though the range is 0 to 3 
deg. In recesses, 2 deg on each side is a minimum 
with 5 deg desirable. The following figures (in. per 
in. of depth on one side) are fairly standard: mag- 
nesium—0.015, aluminum—0.015, bronze—0.020. 


Shell mold—Draft angles are not as critical as 
for permanent mold castings. From % to % deg is 

















DIMENSIONAL TOLERANCES (in.)* 
Sand Castings Plaster Mold Castings 
he icknciinwuaviese cost endeebakedariessaceae Vor“s Brass, Bronze................0.005 for first inch; then 0.001 in. /in. 
en i cval ics ascaeenkwtedhseiase tvs beset Yo Common total: 0.005 to 0.010 
nw snk cc cccgcdss p000sbiatwdobondeceay So Aluminum, Others............ Same as brass and bronze 
Eo... 05s al semua cas eub aunasRbedeeecen Sha (Ferrous, zinc, tin, lead, copper not cast) 
j 11 
Re Y, see : : —F | Dt a ba chataths tannd DGG RRA Nes a aan ae in, 
hai! fit. bo NS inh iS non ealibties a bhinnk “sq on 6) .004-0.008 in. /in. 
0: hth senda er 0.003-0.006 in. /in. 
Shell Mold Castings (Iron, some steels, zinc, tin, lead not cast) 
PING hc nbc ave cccace 0.001-0.003 in./in. possible. Commer- - 
cially 0.010 to 0.015 are held on dimen- Die Castings 
sions within mold half. Across parting Mai wad seebudns oat shed 0.0025 for less than 1 in. 
line: 0.020-0.030 eo in. /in. for dimensions greater than 
; in. 
awa Aluminum, Magnesium. . .0.003 for less than 1 in. 
wer 0.001-0.002 in./in. for dimensions 
Permanent Mold Castings greater than 1 in. 
PSURs ANG ei sce 0.015 for first inch; then 0.002 in./ Bs seha:d ds anpinineieial 0.005 for less than 1 in. 
in. Common total: 0.010-0.050 0.003 in. /in. for dimensions greater than 
Magnesium, Gray Iron, Others. .Same as aluminum or slightly wider 1 in. 
(Steel, tin not cast) (Ferrous not cast) 








*Tolerances are for usual commercial practice, stated for guidance only. In most cases closer tolerances can be held at increased cost. Tolerances are 


over-all unless stated as in. per in. All values are + tolerances. 
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usually sufficient for shell mold castings. 

Die—In general, a minimum of 2 deg per side is 
usually provided. The following draft tolerances 
(in.) are usually provided: 


BEY "hag se-ecise cae cage 0.010° 
ee ee ee 0.010-0.015 
EET erry eT ee ere 0.005-0.007 
ere ee oe 0.015-0.020 
SERA Tee eer eT ereceT 0.015 





*In. per in, of depth, one side. 


Shrinkage allowances. The following allowances (in. 
per ft) are usually provided: 


ihn an bse Sie hme iak wes 1/8 
RR do ties cn ee es abn eekdale 1/8 
ee Beane 4 a be a ee aa es 1/4 
os de as dah atk caah ede’ 5/32 
NTE EA nde ab one bad Whar sh sewed 3/16 





Design Rules 


1. Stress concentration is always a vital considera- 
tion. A larger amount of metal will have greater 
shrinkage and put an adjoining thin section under 
tension which may result in cracking. The design 
should incorporate fillets when there is a change of 
section thickness or to avoid sharp, interior corners. 
In addition to lowering stress concentration, fillets 
help achieve even cooling and shrinkage. 


2. Continuous, intersecting ribs may cause trouble. 
Staggering the ribs will help prevent the build-up of 
high stresses. 


3. Avoid large, flat areas with little or no support. 


4. The parting line, particularly in die castings, is 
preferably located at the corner of the casting. Lines 
of demarcation remaining after flash removal will 
not be nearly as visible. 























MINIMUM SECTION THICKNESS (in.)* . 
Sand Castings Investment Castings> 
Ns << SRA v. 4Ns gladdiavehenbasdenctdeges sodhens at YY, nis cack edn cheer denighssakeniiah booed 0.030 
CLO A ds ye nee addaueditbetascaktusideasiee YY Eh SR a Se OY PRN sis eae 0.050 
RY SR er ee a See rt Vag eo 8 sg ccs sis ans wh eek eR 0.030 
ES Se ee pe an err Ne AY —_—_— _ 
6 i it ck eo snide eel oa nla eed ok tas Ye ; i 
RSS oe ree ere eee ne ae AY 7 saad 
Brass, Bronze. .................seeceseeseerer ese see eens Yar as ee 0.020-0.030 
Shel) Mold Castings a ke abate 644 kacaakits ph0ebe caren 9 the eee 0.050 
TSIEN koi dca doeds Gobtintdsaebadieseas bee “e-" LS, ck dhleutanaas a tbeian heed int scnd-dusapindiniee 0.035 
Ee Le? 2 Lee ee “c-% Magnesium 0.050 
Permanent Mold Castings Aluminum Alloy 
Aluminum EE ce SEL vEe oh coho 08 5 cant kerk ceed ebatves 0.045-0.055 
ee ‘a'r CERES ION oer peeeeri Fe 0.080 
L.'s sinhog ha os hewn ce end dae eek eaneia kid ok Tae Yo : 
acs <5 ct Biarencth Sp iV buna daescdgoeenedehikoteek %e Magnesium Alloy 
Gray Iron, Others beds csuibennueeesacockbesenkiavetssea si 0.050-0.060 
eR wie cosa ed YoY SE, cK atkcd bib 0400 84dn) HOT kOd ds 5snvinssebantponne 0.080 
RS i, site oe eae eg eh ne a Copper 
“LL EE % SRA) SRE BRR PEN ope 0.06 
Plaster Mold Castings ich ab ckd nsencivensensksaeavesyedsssenetennel 0.10 
Brass, Bronze NE iti norman at bh apes Chndibenshi nes oReNe 0.050 
Bale iu od cig FER ald cain eda ck pba nen 0.040 Tin 
4to6 BNE: Lav hiv'0449h5040sb 0 aadesen otaneenakshee 0.063 0 
I fis 3 iataconeag hea RT 0.093 ee eee nee an pr 
Aluminum, Others eeceee eee sree eseseeeeeereeeeeeeeeseeeeeeeeeeeeeeeee . 
I 8 dete oo cén gna cages venseeeeenel 0.040 Lead 
A ie eens ns nace pahnseagstherachiaiae 0.063 PR ak scala os sade bakavde sc bedded soe sci¥s capcboul 0.040 
Ns 454 cain chen sdiibenal ica bensese kh ienaneeen 0.093 akc’: baiGa idles oh ba Kewehs Habeas due .stcnees oKaul 0.070 








*Usual minimum for various classes of gray iron is: class 20, %4; class 25, 4; class 30, 14; class 85, %; class 40, }4; class 50, ¥; class 60, %{. 


»bAvoid section differences where max: min ratio is more than 5:1. 
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Forms and Shapes of Materials 


Extrusions 


General 


Extrusions are used extensively as a means 
of making small parts of uniform cross section 
that might otherwise be made only through 
extensive machining. Long pieces of the desired 
cross section are extruded, then cut to desired 
lengths and subjected to any further operations 
that may be required. 


Advantages. Extruded shapes are not con- 
sidered to be highly precise as far as dimen- 
sional tolerances are concerned, but they do 
have the advantage of permitting the metal 
to be placed where it is most needed to attain 
desired strength and design characteristics. 
Relatively complex shapes can be extruded. 
Sharp corners and reentrant angles are readily 
obtainable. When precision is a requirement, 
final dimensions are achieved through machin- 
ing. Extruding is sometimes used to make 
blanks for other processes, e.g., forging. 


Limitations. Sizes are limited because of the 
excessive size of the presses required to extrude 
large sections, and because large shapes are 
likely to bend and distort excessively under their 
own weight and require expensive straighten- 
ing operations. Any openings must be in the 
direction of the extruding action and uniform 
throughout the entire length of the extrusion. 


Materials. Although in the past most extruded 
shapes have been made from aluminum, mag- 
nesium and copper alloys, the process has 
recently been expanded to include many types 
of steels. Steels and other high melting alloys 
are easy to extrude, but they are hard on die 
materials and require lubricants with special 
qualities. Titanium, lead, tin and zine alloys 
are also extruded. For best results the ratio 
of billet size to finished extrusion should be 
large. When large ratios are used, the resulting 
extrusions are dense, homogeneous and free of 
porosity, and the metal properties compare 
favorably with those attained in forging. Ratios 
usually range from 20:1 to 40:1. 


Speed of output. Rate of output of extruded 
shapes can affect cost, particularly if large 
quantities are required. Speeds range from 1% 
to 700 fpm, depending on the basic material, 
the particular alloy and the shape being ex- 
truded. Magnesium is extruded at speeds of 
4 to 100 fpm, aluminum somewhat faster, and 
copper alloys a little slower. Highest speeds 
are attained with nickel alloys and steels. 


Applications. Conditions under which extruded 
shapes might be chosen are: 


1. When a more efficient disposal of metal is 





desirable than is obtainable with rolled shapes 
or other metal forms. 

2. Where several parts are now joined to 
provide a small assembly. 

3. Where shapes are required that could not 
be obtained without difficult machining. 

4. Where short pieces of an extrusion could 
replace small castings or forgings. 


Design Factors 


Tolerances. Tolerances on extruded metal parts 
are held on such factors as straightness, flat- 
ness, twist, section thickness, angles, contours, 
and corner and fillet radii. 

Flatness—On a 6-in. width, tolerance would 
be +0.024 in., or about 0.004 in. per in. of 
width. 

Straightness—On a 5-ft length, a 1/16-in. 
deviation from a straight line is normal. This 
deviation increases to % in. at 30 ft. 

Cross section—Typical are tolerances rang- 
ing from +0.006 in. on thicknesses of less than 
0.125 in. up to 0.080 in. on thicknesses or 
widths of 14-15 in. 

Cut ends—Permissible deviation from the 
square is 1 deg. 

Curved surfaces—Allowable deviation from 
a specified contour is 0.005 in. or 0.004 in. per 
in. of chord length, whichever is greater. This 
tolerance does not apply to an arc of more than 
90 deg. 


Section thickness. Thickness of sections usually 
ranges from 0.050 in. up to several inches. 
Ratios of thickness to width vary with ma- 
terials used and are standardized for aluminum 
and magnesium extrusions. Aluminum alloys, 
such as 3003 and 6063 have a ratio of 8 in. 
wide to 3/32 in. thick; for 2014, it is 8 in. 
wide to % in. thick. 


1. Extruded shapes are usually restricted 
to those that can be contained within a circum- 
scribing 17-in. circle. Within this range, parts 
can be made as solid, hollow or semihollow 
shapes; T, L or V sections; rectangles; and 
complex shapes. 

2. Avoid extremely thin sections within a 
large circumscribing area. 

3. Avoid semihollow sections with unbal- 
anced die tongues. 

4. Avoid sections with extreme thickness 
variation. 

5. Avoid hollow shapes having unsymmetrical 
voids or inadequate thickness between voids. 


300 *« MATERIALS IN DESIGN ENGINEERIN 


Formerly Materials 


vVieTnoads 








Stepped Extrusions 


Stepped extrusions are commonly produced 
by utilizing two sets of extrusion dies. 

In designing a stepped extrusion it is impor- 
tant to use dimensional tolerances that are 
realistic, yet avoid an excess of stock. Stepped 
extrusion tolerances have not been standard- 
ized, but those given in the accompanying 
sketches are typical. Straightness tolerances 
differ from those for normal extrusions. In 
addition, special tolerances apply to the step 
area and across the parting line when split 
dies are used. 

Because of the inherent instability of split 
dies, cross section tolerances of stepped extru- 
sions are usually greater than for normal 
extrusions. In locating parting lines, it is 
important to consider not only tolerances but 
also the ability to remove tools from the section. 
It is sometimes necessary to provide slight 


Over-all 





draft angles on extended elements. 

Although the major and minor sections may 
frequently have a common plane, this is not 
a requirement of the process. In all cases, 
however, the major section must completely 
enclose the minor section. It is generally neces- 
sary to provide machining stock on all surfaces 
to obtain the required dimensional accuracy 
and surface finish. 

Straightness of the over-all part is measured 
by deviation from a reference line, the junction 
or step area (8 in. on either side of the step) 
being excluded. Straightness of the minor or 
major portion of the extrusion is determined 
individually. Because of the difference in flow 
conditions in extruding the major and minor 
sections, the junction area usually presents the 
greatest straightening problems. Minor and 
major portions are usually furnished to stand- 
ard extrusion straightness tolerances. 


Straightness 


Over-a// length less than 20 ft-0.250in. 
Over-a// length more than €0 ft-0.0/5 in. Att 


Junction 


Major. Step 
section area 


Be 9" 


Step area 


Mox-% in, 
Typical- 6 in. 
Registry 


Parting lines 


B Dimensions - *+@/25i/n. 


Minor 
section 
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Forms and Shapes of Materials 


Impact Extrusions 


General 


Parts made by impact extruding cannot be very 
large or very small. They must be concentric in 
design, but can be provided with lugs, flutes and 
similar projections, Mechanical properties of impact 
extruded parts are usually high because of the 
tremendous amount of cold work involved in the 
process; this is particularly true of carbon steels. 

Often a concentric impact extrusion is sectioned 
after forming to make two or more parts which 
could not otherwise meet the design requirements 
of impact extrusion. Examples are semicircular and 
U-shaped pieces. 


Comparisons. Both impact extrusion and deep draw- 
ing use a combination of punch and die to form 
a hollow shell from a cold blank, and for some parts 
equivalent speeds are used. The difference lies in the 
manner in which deformation occurs. In impact 
extrusion the metal is forced through an orifice 
between punch and die under compressive stresses; 
in deep drawing the metal is pulled into the die by 
the punch and stressed in tension. 

Both impact extrusion and ordinary extrusion 
force metal through a die under compressive stresses. 
However, the metal is generally cold worked in 
impact extrusion and hot worked in ordinary extru- 
sion. In addition, impact extrusion produces a single 
component that may or may not require further 
operations, whereas ordinary extrusion generally 
produces a continuous cross section such as a rod, 
tube or structural shape. 

An impact extruded part can be considered as a 
modified forging in which the flash forms the side 
walls. The part has a base that, in backward extru- 
sion at least, is a forging, and side walls that are 
extrusions. 


Advantages. 

1. High speed production is possible. 

2. Unit cost of mass produced parts is low. 

8. Materials saving and excellent metal recovery 
are achieved. 


4. Process requires few operations. Ribs, fins, 
holes, etc., are formed during extrusion. 


COMMERCIAL SIZE RANGES 
FOR ALUMINUM IMPACT EXTRUSIONS 





Wall Thickness, in. Diameter, in. 


Material 





Max Min Max Min 





1070 (collapsible tubes)...) 0.010 | 0.0035 2% % 














1100, 3003..........2... %s | 0.010 | 6 ¥ 
Medium Strength Alloys..| %* | 0.00 | 5 v 
High Strength Alloys. . 4» | 0.062 | 4 





*sSome authorities state that the maximum wall thickness is “not 
known,” 





5. Parts have dimensional uniformity with close 
diametrical tolerances. 

6. Tooling is relatively cheap. 

7. Surface finishes on the order of 20 to 70 micro- 
inches are obtainable. 


8. Bottom thicknesses are independent of wall 
thicknesses. 


9. Parts can be made with zero draft angles and 
sharp corner radii. 

10. Parts have excellent properties; for example, 
cold formed low or medium carbon steel parts have 
mechanical properties equivalent to those of heat 
treated carbon and low alloy steels. 


Limitations. 


1. Relatively few alloys can be processed com- 
mercially at present. 


2. Shapes that can be produced are limited. 

3. Length-to-diameter ratio is restricted. 

4. Maximum size of part is limited by press 
capacity. 

5. Comparatively high equipment costs limit ap- 
plications to relatively high production runs. 


Design Factors 


Sizes. Part sizes and dimensional tolerances vary 
considerably, depending upon the metal. Some typical 
figures: in aluminum, wall thickness ranges from a 
maximum of % in. down to 0.010 in. in the soft 
alloys or 0.062 in. in the stronger alloys. Diameters 
of parts can be as great as 6 in. in the soft alloys 
and 4 in. in the hard alloys, and as small as % in. 
Larger parts would require extremely high pres- 
sures, and smaller parts would involve excessive tool 
damage. 


Tolerances. Typical commercial dimensional toler- 
ances for aluminum are as follows. On walls as thin 
as 0.10 in., the tolerance can be held to 0.010 in. 
Over 0.15 in., the tolerance must be increased to 
0.020 in. Diameters can be held to 0.010 in., but 
lengths are not usually guaranteed any closer than 
3/16 in. 


Materials. By far the most commonly used material 
for mechanical parts is aluminum and its alloys. 
More than a dozen different alloys are used, depend- 
ing upon the end service requirements, but from the 
standpoint of extruding 1100 alloy is best. 

In steels, best results are obtained with those con- 
taining up to 1.2% carbon, although several alloy 
steels are impact extruded regularly. Steel parts 
must be somewhat smaller and have greater wall 
thicknesses than similar parts in aluminum. 

Magnesium slugs are heated to 500 to 700 F for 
impact extruding. Several different alloys can be 
used, but best results are obtained with alloy AZ31B. 

Several other metals are impact extruded to a 
lesser degree. They include lead, tin, copper, zinc 
and zirconium. 
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Fabricated Sheet Metal Parts 


Stampings and Press Formed Parts 
General. Blanking, pressing, stamping and drawing 
all have certain similarities, and are all done on 
hydraulic or mechanical presses or drop hammers. 
Each process consists of shearing or deforming a 
flat blank of metal sheet or strip in a die. 

In making blanked shapes, which are usually flat, 
the metal is deformed beyond the shear point so that 
a clean break results. In drawing or forming, the 
stresses involved exceed the elastic limit of the metal 
so that permanent deformation results. When ex- 
treme draws are required, it is often necessary to 
draw part of the way, then anneal the metal before 
making a subsequent draw. 


Advantages and limitations. Parts can be fairly com- 
plex in shape but the extreme-low-cost advantages 
diminish with increasing complexity. This is par- 
ticularly true of designs that include flanges and 
other projections. Because of the many variables in 
stamping design the advantages are greatly depen- 
dent on the knowledge and skill of the die designer. 


Materials. Nearly any metal that can be rolled can 
be used for stampings and press formed parts; how- 
ever, materials that are essentially springy in nature 
should be avoided. Materials commonly used are 
carbon steels, copper, brass, bronze, aluminum and 
magnesium alloys, zinc, titanium, nickel alloys, and 
some high alloy and stainless steels. Stampings can 
be made with section thickness as little as 0.008 to 
0.005 in. but the majority of drawn and stamped 


COMPARATIVE FORMABILITY OF METALS: 














Metal Alloy Rating 
een Ci ndncces<cees 1100-0.......... 100 
3003-0 95 
Magnesium (hot formed)........].............005- 95> 
Trius iwisistrveveces 6061-0.......... 92 
ES 80 
| 75 
2024-0.......... 75 
aes 75 
Deep Drawing Steel............ «a 75 
EE. u2 lon) sade acbiaeeeescaceses 75> 
Commercial Steel... ........... Sn Mavcecde 70 
a CORE 70 
Aluminum (as quenched)... .... Nee 60 
SS 60 
2014-W.......... 60 
eee” 1100-4 H........ 50 
Stainless Steel................. Type 302........ 49 
Type 304........ 46 
| RE 3003-%4H........ 45 
Stainless Steel................. Type 321........ 43 
(ss re 5052-4 H........ 4Q> 
1100-4H........ 40> 
Stainless Steel................. Type 347........ 40 
UGS. sos s0cees sets, 3003-%H........ 35> 
5052-%H........ 30> 





"Based on rating of 100 for 1100-O aluminum. 







>T entative. 


shapes are made from thicker materials. 


Dimensional tolerances. These vary with the thick- 
ness of the material being formed. Tolerances of 
+0.001 in. are possible on small pieces, and toler- 
ances on the order of +0.008 in. are possible on 
large pieces. These tolerances apply primarily to 
thin sections; tolerances must be more liberal for 
thicker sections. 


Stamped parts. The width of a projection should be 
greater than 1% times the material thickness and 
never less than 3/382 in. 


Pierced parts. 


1. The diameter (or smallest dimension) of a hole 
should be greater than the metal thickness and never 
less than 0.030 in. 

2. Distances between hole edges (or hole edge and 
blank edge) should be equal to or greater than the 
metal thickness. 


3. Holes pierced near a bending edge should be at 
least 1% times metal thickness plus bend radius 
from the right angle side. 


Drawn shapes. 


1. Bends in metals should be made as nearly at 
right angles to the grain or rolling direction of the 
metal as is possible. Bending across the grain means 
less likelihood of the metal tearing during drawing. 

2. Radii, particularly those on the inside of shapes, 


should be as large as possible, especially at the 
bottom of the draw. A radius should always be at 


PENETRATION OF PUNCH THROUGH METAL IN BLANKING 
OR PIERCING OPERATIONS 











Annealed Partially Cold Worked 
Metal Resistance | Reduction | Resistance | Reduction 
7 to or to or 
Shearing, |Penetration,| Shearing, | Penetration, 
psi psi % 
SE obhaseecese 3,500 50 —* —* 
| | AR 5,000 40 8 + 
Aluminum. ..... 8,000 60 13,000 w 
ee 14,000 50 19,000 25 
Copper......... 22,000 55 28,000 30 
SE 32,000 50 52,000 20 
Bronze (90-10). . _ - 40,000 30 
Tobin Bronze....} 36,000 25 42,000 17 
Steel 
0.10% C...... 35,000 50 43,000 38 
0.20% C...... 44,000 4) 55,000 28 
0.30% C...... 52,000 33 67,000 22 
0.40% C...... 62,000 27 78,000 17 
0.60% C...... 80,000 20 102,000 9 
0.80% C...... 97,000 15 127,000 5 
100% C...... 115,000 10 150,000 2 
Silicon Steel..... 65,000 30 - _ 
Nickél.......... 35,000 55 _ - 

















*Anneals at room temperature. 
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Forms and Shapes of Materials 








MINIMUM BEND RADII FOR MAGNESIUM ALLOY SHEET > 








Fabricated Sheet Metal Parts—continued 


























Forming Temperature, F 
Alloy 
& 
70 | 300 | 400 | 500 | 600 

Ml 

Annealed (Mla)............ 5T 4T 3T 2T | 1T 

Cold Worked (Mlh)......... 11T | 84T | 64T | 4%T} — 
AZ31 

Annealed (AZ31Xa)......... 3%T 2T | 1¥T IT; — 

Cold Worked (AZ31Xh)......| 74T 3T 
AZ51X 

Annealed (AZ51Xa)......... 6T | 44%T | 3%T | 2%4T)| 2T 

Cold Worked (AZ51Xh)......] 91 | 64T | 4%T 

Experimental values, where T=metal thickness. 
MINIMUM BEND RADII 
FOR AUSTENITIC STAINLESS STEELS + 

RRC SS ES al PS PA ie Be Y%T to 1T 
AIT, Dis . Uvaie ee Avie oie ab kedenoessh 1T to 24T 
IEE. S201 sess TELCOS), ele edad. bWids doa ceeees 24%T to 4T 
PESOS RS ae See eee DP ee ne A 3T to 5T 
RIES. See Oss UE Re Re ey 4T to 6T 





sWhere T =metal thickness. 


least equal to the thickness of metal being drawn. 

3. Radii on the under side of flanges should be at 
least 1/16 in. in the lightest gages, % to 5/16 in. 
in medium thicknesses, and 1% times the stock thick- 
ness in heavy metal. 

4. Connecting radii should be larger than the 
stock thickness. 

5. On blanked and shaped parts, depressions 
should not be deeper than twice the stock thickness. 
In certain cases, where a hole is permissible, the 
depressions can be greater because the metal can 
stretch further. 

6. Draws should be as shallow as possible because 
they are easier to achieve and less costly than deep 
draws. A draw should never be more than 1% times 
the punch diameter. 

7. The punch should cover about 50% of the blank 
area in any draw. 


8. Use flat bottoms where possible. 


9. Beading, flanging or corrugation can be used to 
add stiffness. 


10. When notching is required, it is done as a final 
operation so that the notching will not be distorted 
during the drawing operation. 


11. Widest possible tolerances should be provided. 
12. In designing shapes, and particularly the tool- 
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MINIMUM BEND RADII FOR ALUMINUM SHEET: 



































Gage, 2024-0, 

in. | 7075-0, 2024-W,¢ 2024-T3, 

S | 7075-W»| 7075-T6| 2014-0 | 2014-T3 | 2014-T6.| 6061-0 
0.020.., Ye Yo Va “Ue “e 0 
0.025..) Ye Ve Vs “Ue Yo 0 
0.032..) “Use Yo Ves 73 Yo 0 
0.040..) “Ue Ye Vo Yo yy 0 
0.051.., % Y% Ve \% “Ye 0 
0.064..; % Ae Ve Yo Ia 0 
0.081..) ¥% Yo a %e 0 
0.091..) %e Y Yo Vp Vp 0 
0.102..) % Ye Yo Ho | Ae 0 
0.125.) wh VY Y ¥% Y% Ue 
0.156.) % l Sha Ae % Ye 
0.187.., % 1% eo y Y% Ne 
Gage, 5052-H32 | 5052-H34 | 5052-H38 

in. |6061-T4)| 6061-T6| 5052-0 | % Hard | % Hard | % Hard 

a 
0.020.., “% Vo 0 0 0 Yo 
0.025..) “& VY 0 0 0 Vo 
0.032..) Ye Vo 0 0 0 Yo 
0.040..| Ye Vg 0 0 0 “Ue 
0.051..1 “Ue “e 0 0 Vo “Ue 
0.064..) Ye Yo 0 0 “Ue ¥e 
0.081.) % Ve 0 Vo “Ue \% 
0.091..; % Ya 0 “Us Yo Y% 
0.102..1 % eo 0 Yo ¥ Ye 
0.125... %e VY 0 Vy \% % 
0.156...) Ae 0 fo %e % 
0.187..} % % 0 Ye %y %e 
Gage, 

in. | 5052-H38 | 1100-H12 | 1100-H14 | 1100-H16 | 1100-H18 

* Hard Y% Hard Y Hard ¥% Hard Hard 
0.020.. Vo 0 0 0 Yo 
0.025.. Vo 0 0 0 Vo 
0.032.. “6 0 0 0 Vo 
0.040.. “es 0 0 0 “Ue 
0.051.. Yo 0 0 Vo “Ye 
0.064.. Ve 0 0 “Ue Yo 
0.081.. Ye Yo Yo “Ye Ye 
0.091.. Y, “es “Ye Yo Y% 
0.102... Ae Yo Ya Y% Ye 
0.125.. ¥ ‘ Ye ¥% Ve Y 
0.156. . x, a a Ne \%, 
0.187.. % Ye Ne a %e 




















«Minimum allowable radii for bending aluminum alloy sheet depend 
on thickness, temper and composition. Values given in the table are 
for 90-deg bends and should be increased for bends greater than 90 deg. 

bFreshly quenched and formed within 2 hr max, or 24 hr max if iceboxed 

at 32 F. 

eFreshly quenched and formed within 4 hr max, or 24 hr max if ice- 
boxed at 32 F. 


ing required, the springback characteristics of the 
metals must be considered. 











BEND ALLOWANCES IN 





STEEL SHEET®* 








inside Bend Rad., 


Metal Thickness, in. 



























































































in. 

ab .022 .028 .035 .049 065 .095 120 187 .250 
032... .00072 .00076 .00082 .00093 .00105 .00129 .00148 .00200 — 
iis dein .00126 .00131 .00136 00147 .00160 .00183 .00203 00255 — 
093... .00180 .00185 .00191 .00202 .00212 .00238 .00257 .00309 — 
i Pee .00235 .00240 00245 .00256 .00269 .00292 00311 .00364 — 
,| .00289 .00294 .00300 .00311 .00323 .00346 .00366 .00418 — 
iS 55.26 4-0584000 .00344 .00349 .00354 .00365 .00378 .00410 .00420 .00473 — 
218... .00398 .00403 .00409 .00419 00432 .00455 00475 00527 — 
,. in .00453 00458 .00463 00474 00487 .00510 .00529 .00582 — 
AER .00507 .00512 .00517 .00528 .00541 .00564 00584 .00636 — 
3125... 00562 | .00567 .00572 .00583 .00596 .00619 .00638 .00691 — 
[eee .00616 | .00620 .00626 .00637 .00650 .00673 .00693 00745 — 
.375.. .00671 .00675 .00681 .00692 .00705 .00728 .00747 .00800 .00849 
RRR I 00725 .00730 .00735 .00746 .00759 .00782 .00802 .00854 .00903 
[ Freee .00780 .00784 .00790 .00801 .00813 .00837 .00856 .00908 .00958 
- Le .00834 .00839 .00844 .00855 .00868 .00891 00911 .00963 .01012 
| ee ere .00889 .00893 .00899 .00910 .00922 .00945 .00965 01017 .01067 
[re .00943 .00948 .00953 .00964 .00977 .01000 .01019 .01072 .01123 
fe ee .00998 .01002 .01008 .01019 .01031 01055 .01074 01126 01175 
BES 6nd 638% 0 .01052 01055 .01061 .01072 .01084 .01108 01127 01179 .01230 
BE 6 ctisiens: .01106 01111 01117 01128 .01140 .01161 .01183 01235 01284 
ea ei gp .01161 .01166 01171 .01182 01194 01218 01237 01289 .01339 
*Allowance for 1 deg of bend; multiply value in table by number of degrees in bend. 

BEND ALLOWANCES IN ALUMINUM ALLOY SHEET®* 
Metal Thickness, in. 
Inside Bend Rad., By ling ate 

in. 

+ .020 025 032 .040 .051 .064 081 091 128 
aes ne sal ii .00070 .00074 .00079 -- = _ —- _ — 
0625. 00125 .00129 .00135 .00140 .00149 .00159 — — — 
093... .00179 .00183 .00188 .00195 .00203 .00213 .00226 .00234 — 
ja re .00234 .00238 .00243 .00249 .00258 .00268 .00281 .00289 .00317 
156... .00288 .00292 .00297 .00304 .00312 .00322 .00335 .00343 .00372 
1875... 00342 | .00347 .00352 .00358 .00367 .00377 .00390 .00398 .00449 
218... 00397 | .00401 .00406 .00412 .00421 .00431 .00444 00452 .00481 
, 00451 =| = .00455 .00461 .00467 .00476 .00486 .00499 .00507 .00535 
281... .00506 .00510 .00515 .00521 .00530 .00540 .00553 .00561 .00590 
3125... .00560 | .00564 .00570 .00576 .00584 .00595 .00608 .00616 00644 
Mees cas: .00615 | .00619 .00624 .00630 .00639 .00649 .00662 .00670 .00699 
Mts cee ce 00669 | .00673 .00679 .00685 .00693 .00704 00717 .00725 .00753 
406. . 00724 | 00728 .00733 .00739 .00748 .00758 00771 .00779 .00808 
4375. 00778 | .00782 .00787 .00794 .00802 .00812 .00826 .00834 .00862 
468... .00833 | .00837 .00842 .00848 .00857 .00867 .00880 .00888 00917 
900... 00877. | = .00891 .00896 .00903 00911 .00921 .00935 .00943 .00971 
201. .00942 | .00946 .00951 00997 | .00966 .00976 .00989 .00997 .01051 
Pees .00996 .01000 .01005 01012 | .01020 .01030 .01043 .01051 .01080 
MgGsbavcvewe .01051 01055 .01058 .01065 .01073 .01083 01098 01105 .01133 
| eae 01105 .01109 01114 =| ~— 01121 01129 .01139 01152 .01160 01189 
(oT .01160 01164 01170 =| = 01175 01183 01193 01207 01214 01245 




















































* Allowance for 1 deg of bend; multiply value in table by number of degrees in bend 
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THICKNESS TOLERANCES FOR DRAWN PARTS (in.) 














Thickness, in. Up to 2 In. Dia Up to 6 In. Dia 
+ 
NE de «ac cues +0.005 +0.008 
NEES SC x its thn kiuadaaae +0.006 +0.010 
4, oie iene eater adie +0.008 +0.012 
EE pega +0.010 +0.015 
sl ap eee +0.015 +0.020 





RECOMMENDED MAXIMUM REDUCTIONS IN DRAWING (%) 





ER i a 45 
Austenitic Stainless Steels...................... A TE Rata 50 
Ns ete ee, wes beaiauiiédscawaves soos cxnreewe 45 
sce cet wchsscuaweecassssanpaen 50 
Se is wewew akin s 6 8 ah met 50 
Aluminum (annealed, % hard)......................0.0...0000- 45 
Aluminum Alloys 

III, ss vnc nepecscduiseeoncesccsssemencn 45 

Heat Treatable, As Quenched.........................0 cc cues 40 
EERE eee ds das saneesies vdes cdweeesss vis iancan 40 





MINIMUM PUNCH RADIUS FOR DRAWING CUPS > 











Steel Aluminum 
Ratio of 
Draw Depth 
to Draw Stainless |1100-0, 3003-0 2024-0, 
Dia SAE 1010 | 302, 304 5052-0, 2014-0, 
a 6061-0 7075-0 
re oe: 2T IT 2T 
a eee IT - 2T 3T 
ST 2T ~ 3T 4T 
al a RNR AE _ _ 4T — 

















*Where T=thickness of material. 


Roll Formed Shapes 


Roll formed shapes have been produced from 
material % to % in, thick, but usually the material 
used in roll forming is less than 0.125 in. thick. 
Roll forming machines are capable of handling sheet 
and strip varying in width from a fraction of an 
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Fabricated Sheet Metal Parts—concluded 







PERMISSIBLE STRETCH IN STRETCH FORMING 
THIN-WALLED SECTIONS (%) 





Aluminum Alloys 


ea Es a) cies sans ced avwdee.aeds ows 10 
a a 
ko) a me isaneaale 
Austenitic Stainless Steels (type 301) 
PES EY ee a ee Se eTeR 20> 
Ro 8a ht bah) a AREA hah is wee kk cams’ 15-20 
AN APES 6 ss yay aan ines aft Een Cee 5-10 
i EE. os KU CARs6 w eke kens badeude bin 2 





*Up to 10% in the web. 
bUp to 830% for symmetrical and rigid sections. 


MINIMUM HOLD-DOWN PRESSURES (Psi) + 





ES en ee Pi 500 
ee up ceccvsccwewen 1000 
NN 5 oN cg ns vb oa ie ER Wkp ocdbses sees wecdanan 100 
I ON i, GAR oa dk dab end os 200-500 
Ee Eh ios 5is EE hips das KRG dale siaeles 40 nase can eeen 200 
a I ee IU cet cd ease cae 250-300 
Cp Ce ne 2 1 oe Sa caine Seneca 400 





*Per unit hold-down area. 


inch up to as much as 80 in., though most shapes 
are made from material less than 20 in. wide. 

Dimensional tolerances must be comparatively 
liberal, primarily because of variations in the thick- 
ness of the raw material. Usually dimensional toler- 
ances of +0.002 in. must be allowed. 


Short Run, Press Formed Parts 


In the past, stampings and press formed parts 
could only be considered when huge quantities of 
parts were required. During the past few years, 
however, new techniques have been developed to 
extend the advantages of press forming to relatively 
small quantities of parts. These methods utilize soft 
die materials (which are easily worked but have 
short service lives), rubber blankets, or flexible 
punches or dies. These materials reduce die costs 
sufficiently to permit amortization of costs over 
comparatively small quantities of finished shapes. 








Rubber pad. In the rubber pad or Guerin process, 
a rubber block or pad in the head of the press is 
used as the second die member to form a sheet metal 
blank around a punch or form block. 


Flexible female die. One method is typified by the 
Hydroform press, which uses a flexible diaphragm 
covering a cavity filled with hydraulic fluid. The 
other method, the Marform press, utilizes a solid 


RECOMMENDED LIMITATIONS 
FOR RUBBER PAD FORMING 





Heat Treatable 
Aluminum Alloys 


Austenitic 


Metal => Stainless Steels 





Annealed | % Hard 





Max Sheet Thickness, in....} 0.187 | 0.064 0.078 0.032 
Recommended Flange Width} e+ w+ At 
(straight, not >90 deg), 
ee 2.5T 4T 4.5T % 
Max Metal Thickness for 
Forming Flanges, in. 














Stretch Flanges......... 0.125 | Special | 0.050 0.016- 
methods 0.030 
required 

Lightening Hole Flanges..j 0.125 | 0.064 | External | External 

0.060, | 0.040, 
internal | internal 
0.050 0.030 





®T =metal thickness. 


PERMISSIBLE STRETCH IN PRESS-DIE AND 
HYDROPRESS RUBBER FORMING STRETCH FLANGES (%) 





Aluminum Alloys 





NT III a oi sisi se aes vies c wensecceves 18*, 12> 
Pee OF OE GIIIIIII ona os insect ccc ecenedecccccces 18," 12> 
| EE OO NG Ce a an tea 12, 8> 
i es a Vuh cad Sa inne Seek aatesenanee 7s 
EE CY ET Te Ak eT ee a 30 
Stainless Steels 
301, 302, 304, 305, 308 (annealed) ......................004.. 40 
SUM IE, CUI, on occ cc cc cc cc csc cccdeccvccsese 30 
301, 302 (% hard)......... Patience i ike BWW ccaceas 25 
a ss Thidewicndidddvopess odcttnes¥asmenad 10 
*Routed edge. bSheared edge . 








rubber pad which holds the blank, while regulated 
hydraulic pressure allows the punch to move into 
the pad, forming the part. 


Flexible punch. Water or soluble oil is used as the 
male die member to force the sheet metal to conform 
to the configuration of the female die. 


Drop hammer forming. Zinc-base alloys and lead are 
normally used for the dies since their low melting 
points permit rapid and economical fabrication of 
tools. In simple drop hammer work, there is no hold- 
down force on the blank; therefore, commonly en- 
countered shapes have flanges and shallow depres- 
sions rather than drawn recesses. Parts are formed 
rather than drawn. Relatively deep draws can 
occasionally be accomplished with auxiliary devices 
and fixtures. Reverse contours and saddleback shapes 
are particularly difficult to form with a drop hammer. 


RECOMMENDED SINGLE DRAW LIMITATIONS 
FOR MARFORM PROCESS 

















Max Depth of Draw at 
Cup Dia, Indicated Pressure, in. Min 
in. Thickness, 
& in. 
6000 psi 12,000 psi 
Di icnin tu deh maekaea al ¥, % 0.008 
Oren eee %, 1% 0.010 
abaccciwsebseeusaelen l 2% 0:015 
MGA ei vhs sd ae 1% 3 0.020 
Eee eee Par 1% 3% 0.025 
Oe ene ee 2 4% 0.030 
ere 24% 5% 0.035 
Ee ae i kad 2% 6 0.040 








MAXIMUM CUP DEPTH IN MARFORM PROCESS + 








Metal Thickness, in. # Max Cup Depth, in. 
a te ales as oe hae thee 5% 
EN 40s oobi ein apenateasitecssths seed 4h 
I el aie Re ed, cae Ay, 
ES eT Se eee ree rT. Ay, 





Based on reduction from 12-in. dia blank to 444-in. dia cup, 15,000 psi 
forming pressure. 
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Forms and Shapes of Materials 


Forgings 


Cold Headed Parts 
General. Cold headed parts are produced in a cold 
header, essentially a punch press laid on its side. 
Wire up to about 1 in. in dia is fed into the machine 
where it is automatically cut to size and positioned 
in the die with one end protruding from the die face. 
This end mushrooms out under the force of a punch; 
the head is formed between the die and punch faces. 


Uses. Cold headed parts are economical when mass 
produced. The majority are mechanical fasteners 
which are produced at the rate of billions per year 
by each manufacturer. 

Advantages. 


1. Grain of the metal follows the contours of the 
part, avoiding surface weakening. 


2. Alloys used are tough, ductile and resistant to 
cracking. 


38. The required corner fillets increase fatigue 
strength. 


4. Surface finish is excellent. 
5. No stock is cut away. 


Disadvantages. 
1. Part must be shaped for extraction from the die. 
2. There is a limit to the head volume and shape 
that can be upset without annealing. 
3. Internal stresses may be left at critical points. 


4. Size of parts is limited by capacity of cold 
headers. 


Materials. Choice of a metal depends on the heading 
characteristics of the metal as well as the expected 
end service. Low and medium carbon steels, some 
alloy steels and brasses, and some aluminum alloys 
are most common. Other materials that have been cold 
headed include: beryllium copper, phosphor bronze, 
silicon bronze, nickel silver, monel, lead, zinc, silver 
and gold. 


Design Rules 


1. Head must taper evenly above and below point 
of maximum diameter. 


2. A widely-spread thin head is more difficult to 
form 


3. Head heights should be between % and % of 
wire diameter. 


4. Recessed heads require severe formine. 

5. Embossing the top of the head increases costs. 
6. Concentric heads are easiest to form. 

7. Fillets must be provided on corners. 

8. Allowable shank reduction is 60% or less. 


Tolerances. The best guide to tolerances on cold 
headed parts are the standards developed by the 
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American Society of Mechanical Engineers for cold 
headed bolts, screws and rivets. In general, shank 
diameters are held to +0.003 in., head dimensions 
to +0.005 in., and lengths to +1/32 in. 


Open Die Forgings 

Modern open die forging employs mechanical ham- 
mers or presses. Each part is heated several times 
and shaped individually by a highly skilled operator; 
therefore production rates are low. The major ad- 
vantages are simplicity of tooling and the wider 
range of part sizes possible. Shapes are generally 
simple, and tolerances are much wider than for 
closed die forgings. 


Closed Die Forgings 
General. Closed die forgings are produced by shap- 
ing hot plastic metal within closed dies; processes 
include drop, press or upset forging. 

Drop forgings—A hammer forces the metal into 
the die by a series of impact blows. Major advan- 
tage is the speed of operation. These forgings are 
made in weights ranging from less than an ounce 
to several hundred pounds. 

Press forgings—Similar to drop forgings but pro- 
duced by squeezing in mechanical or hydraulic 
presses. Particularly adapted to symmetrical parts 
requiring one or two operations. 

Upset forgings—Also produced by squeezing, but 
the dies grip the stock as well as form the impres- 
sion. Upset forging is a hot forming process similar 
to cold heading, but can be used to produce parts 
weighing from a few ounces up to 500 Ib. 


Design rules. Dies must shape the part in the 
easiest possible manner, control the direction of flow, 
and hold required tolerances. For a large part, sev- 
eral dies may be required. Die blocks are usually 
made from alloy steel that has been forged to provide 
uniform properties. Some general design rules are: 


1. Divide the impression as equally as possible 
between the top and bottom dies. 

2. Keep the parting line in one plane if possible. 

8. Taper the vertical sides to allow removal of the 
forging. 

4, Avoid sharp radii and use fillets where possible. 

5. Design ribs as low and wide as possible because 
they require a corresponding thin pocket in the die. 

6. Generous sweeps and maximum draft angles 
should be provided for sections having a recess be- 
cause they require that a corresponding raised 
section be machined into the die. (Raised sections 
wear rapidly because they get hotter.) 





Pel fe: 


vi ne 


AD 


7. Group multiple forgings in die in such a way 
as to minimize preforming and flash. 


8. Where possible, forge two interdependent parts 
together (e.g., bevel gears and pinions) to reduce 
die costs and material required. 


9. In ring forging, pierce the pancake in such a 
way that the material removed can be used to pro- 
duce a smaller ring, thus saving material. 


Materials. One of the principal advantages of forg- 
ings is the wide range of materials that can be 
employed. All materials must have these require- 
ments in common: the forging stock (billet, bloom, 
bar or extrusion) must be hot workable and must 
be internally sound and free from surface defects. 
Following is a list of the major classes of forging 
materials: 


Carbon steels—Low carbon (up to 0.25%) forgings 
for moderate conditions and for carburized parts 
where resistance to abrasion is important. Medium 
carbon (0.30 to 0.50%) forgings for more severe 
service; some heat treatment is generally desirable. 
High carbon (> 0.50%) forgings for hard surfaces 
and springs; heat treatment is essential to obtain 
other desired properties. 


Alloy steels—Manganese, nickel, nickel-chromium, 
molybdenum, chromium, vanadium, chromium-vanadi- 
um, tungsten, silicon-manganese. Forgings from 
these steels are used wherever higher strength, 
resistance, durability, etc., are wanted. The proper 
selection of a particular composition, together with 
its subsequent heat treatment, depends upon the 
particular service requirements of the part. 


Corrosion and heat resisting, and stainless, steels 
—These steels are usually high in chromium or 
nickel, or both. The particular type of corroding 
agent to be encountered determines the best composi- 
tion. Generally, but not necessarily, forged surfaces 
should be polished to obtain full benefit of corrosion 
resistance properties. 


Iron—Wrought iron and ingot iron are forged for 
special applications where ductility is required. 
Wrought iron furnishes a moderate degree of cor- 
rosion resistance. The copper-bearing irons and low 
carbon steels are in this class. 


Copper, brasses, bronzes—Copper forgings have 
extensive applications in the electrical field. The 
brass and bronze alloys have moderate corrosion re- 
sistance properties. Some of the bronzes have 
moderately high strength and good bearing properties. 


Nickel, nickel-copper alloys—Pure nickel is forge- 
able. The alloy of nickel and copper known as monel 
metal offers a desirable combination of strength, 
toughness and corrosion resistance. 





Light alloys (aluminum, magnesium)—The light 
alloys have about one-third the weight of steel, and 
some have approximately the strength of low carbon 
steel. Forgeable alloys are available in both the 
aluminum and magnesium groups. 


Titanium—Titanium and its alloys have been 
forged for the production of aircraft components. 
Special dies are necessary and intricate forgings 
require more stages than steel. 


Commercial forging practice. Impression die forg- 
ings are sold by the piece and not by the pound. It 
is understood without specific mention that the ex- 
cess metal or flash of forgings shall be removed by 
trimming, and that forgings shall be free from in- 
jurious defects. 


Quantity—The quantity specified permits standard 
practice limits on over-runs and under-runs. 

Size—Forgings within commercial size limits will 
be furnished unless closer tolerances are specified. 

Coining or sizing—Closer tolerances may be ob- 
tained by additional hot or cold sizing operations. 


Surfacing condition8—Forgings are furnished in 
a cleaned condition obtained by tumbling, pickling or 
blast cleaning unless otherwise specified. 

Special requirements—Any special requirement, 
such as heat treatment or special tests, should be 
clearly stated. 

Preparation charges—The production of impres- 
sion die forgings requires the preparation of special 
dies and tools which may be charged to the customer 
as a separate item called “preparation charges.” The 


MISMATCHING TOLERANCES + 











Weight of Part Commercial, in. Close, in. 
Sa 
Net Weight up to— 
. | aa 0.015 0.010 
Peas Dottcccagerssse’ 0.018 0.012 
eee 0.021 0.014 
BS Srrererrecr 0.024 0.016 
Each Additional 6 Ib Add... 0.003 0.002 
For Example: 
EN on44 cenne chin 0.033 0.022 
tai ae ate atin 0.042 0.028 











®Mismatching tolerances are independent of, and in addition to, any 

other tolerances. Mismatching is the displacement of a point—in that 
part of a forging formed by one die block of a pair—from its desired 
position when located from the part of the forging formed in the other 
die block of the pair. Mismatching does not include any displacement 
caused by variation in thickness of the forging, but is only the dis- 
placement in a plane parallel to the main or fundamental parting 
plane of the dies, 


continued 
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Forgings—concluded 


Forms and Shapes of Materials 


customer has the exclusive right to use such dies 
and tools, but because the full cost is generally not 
included in such a charge he does not have the right 


to remove them without additional payment. 


Any 


such dies and tools are maintained in the future 
without further charges to the customer. 


SHRINKAGE AND DIE WEAR TOLERANCES + 







Tolerances, Standard tolerances given on these pages 
are for forgings up to 100 lb. 
Special tolerances may be specified when regular 


tolerances are not applicable. 


Regular tolerances, 


shown here, are classed as “Commercial Standard” 
and “Close Standard.” 


























Shrinkage Die Wear 
Length or Max Net 
Width, in. Commer- | Close, in. Wt, Ib Commer- | Close, in. 
6 cial, in. + + +e cial, in. + 
| 0.003 0.002 Th Ota hee 0.032 0.016 
= 0.006 0.003 RAs 0.035 0.018 
Bx 0.009 9.005 —_wicelebegt fegerty i 0.038 0.019 
4... 0.012 0.006 Bei Peres 0.041 0.021 
Riches kvedtawce vi 0.015 0.008 Bi seitvoneia ed 0.044 0.022 
Dh ghia een a 0.018 0.009 | ary 0.047 0.024 
For Each Addi- For Each Addi- 
tional Inch tional 2 Lb 
Pitt. <i. 8 Se 0.0015 Sa 0.003 0.0015 
For Example: For Example: 
ty a 0.021 0.011 ia das 6-4/3 0.050 0.026 
el OPENS: 0.036 0.018 LS 0.062 0.031 











«Shrinkage and die wear tolerances shall not be applied separately. They shall be applied 
as the sum of the two and shall be measured in such a way as to eliminate draft or 
variations in draft. They apply to that part of the forging formed by a single die 
block, and to no dimension crossing the parting plane. 


DRAFT ANGLE TOLERANCES 








THICKNESS TOLERANCES + 























Commercial, in. Close, in. 
Max Net Wt, 
Ib 

i Minus | Plus | Minus | Plus 
| ere 0.008 | 0.024 | 0.004 | 0.012 
| Tes 0.009 | 0.027 | 0.005 | 0.015 
Sr 0.010 | 0.030 | 0.005 | 0.015 
ae 0.011 | 0.033 | 0.006 | 0.018 
| ae 0.012 | 0.036 | 0.006 | 0.018 
hel amie 0.015 | 0.045 | 0.008 | 0.024 
gad. cose 0.017 | 0.051 | 0.009 | 0.027 
40.. 0.018 | 0.054 | 0.009 | 0.027 
| a 0.019 | 0.057 | 0.010 | 0.030 
SE ee 0.022 | 0.066 | 0.011 | 0.033 
Se et. fo dee 0.026 | 0.078 | 0.003 | 0.039 
a 0.030 | 0.090 | 0.015 | 0.045 
Ss anzic css 0.034 | 0.102 | 0.017 | 0.051 
are 0.038 | 0.114 | 0.019 | 0.057 
. eee 0.042 | 0.126 | 0.021 | 0.063 
ee 0.046 | 0.138 | 0.023 | 0.069 
ae 0.050 | 0.150 | 0.025 | 0.075 
ee 0.058 | 0.174 | 0.029 | 0.087 


























*Thickness tolerances for drop hammer forgings apply 
to the over-all thickness measured in a direction per- 
pendicular to the fundamental parting plane of the 
dies. For upset forgings, thickness tolerances apply to 
the metal actually enclosed and formed by the dies, 
measured parallel to the direction of travel of the ram. 


FILLET AND CORNER TOLERANCES + 








Max Net Wt, Ib Commercial, 

é in. Close, in. 
ts ¢ AtSadws de ows a Yo Ya 
Dee) seh hkad % Ye 
May Shiv xaks anel Yn She 

Sas davuirs dace’ Ye Yo 
SR billed mk niebsel Ia "ha 
| ES VY, Y% 














Drop Forgings Upset Forgings 
Type »> 
Outside, deg | Inside Holes, deg | Outside, deg | Inside Holes, deg 
Nominal Angle... . 7 7 or 10 3 5 
Commercial Limits. 0-10 0-13 0-5 0-8 
Close Limits....... 0-8 0-8 0-4 0-7 
QUANTITY TOLERANCES + 

No. of rece Over-Run, | Under-Run, No. of Pieces Over-Run, | Under-Run, 

on Order pieces pieces on Order % % 

& 4B 

ss 59s 1 0 100-199.......... 10 5.0 
es, jh ae 2 l 200-299.......... 9 45 
6-19....... 3 l 300-599.......... 8 40 
20-29...... 4 2 600-1249......... 7 3.5 
30-39. ..... 5 2 1250-2999........ 6 3.0 
40-49...... 6 3 3000-9999........ 5 2.5 
50-59... ... 7 3 10,000-39 999 4 2.0 
60-69...... 8 4 40 000-299, 999 3 1.5 
70-79...... 9 4 300,000 up....... 2 1.0 
80-99...... 10 5 




















*Quantity tolerances shall be the permissible over or under-run allowed for each 
release or part shipment of an order. Any shipping quantity within the limits of over 
and under-run shall be considered as completing the order. Commercial and close 

tolerances shall be the same amounts. 
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*Fillet and corner tolerances apply to all intersection 
surfaces, even though drawings or models indicate 
sharp corners. If such drawings or models have or 
indicate fillet or corner dimensions of larger radii than 
these standards, such larger dimensions shall be con- 
sidered as actually specified and the tolerances shall 
be “special tolerances.” 

Where a corner tolerance applies on the meeting of 
two drafted surfaces, the tolerance shall apply to the 
narrow end of such meeting and the radius will increase 
toward the wide end. The total increase in the radius 
will equal the length of the drafted surface in inches, 
multiplied by the tangent of the nominal draft angle. 


Plastics Parts 


The form in which plastics materials should be 
specified is largely determined by the nature of the 
material. Plastics resins are either thermoplastic or 
thermosetting in nature. Thermoplastic resins soften 
and flow when heated and harden when cooled. For 
moldings, the polymer is usually supplied in granu- 
lar form. After being heated to the fluid state it is 
charged to the moid or die, where it cools and 
hardens. 

Thermosetting plastics do not soften when heated, 
but gradually lose properties as temperature in- 
creases, until they char and disintegrate. For mold- 
ings, thermosetting resins are usually supplied in a 
partially polymerized granular form, usually with 
some type of fibrous reinforcement. They flow to a 
limited degree on initial heating, but as heating 
continues they polymerize completely and cure to a 
hard infusible state. 


Molded Parts 


Injection molded parts. The injection molding process 
for plastics is similar in nature to the die casting 
process for metals. A thermoplastic molding com- 
pound is heated to plasticity in a cylinder at a con- 
trolled temperature and forced under a pressure of 
10,000 to 50,000 psi through sprue, runners and 
gates into a cool single or multiple cavity mold. The 
resin solidifies rapidly, the mold is opened, and the 
part or parts ejected. 

The primary advantage of the process, as is the 
case With die castings, is the relatively low cost per 
part. Multiple cavity molds can often be used. The 
cycle is rapid, since parts can be removed from the 
mold as soon as they solidify sufficiently. 

In some cases modifications of the injection mold- 
ing process can be used to mold small parts of 
thermosetting resins. These processes are called jet, 
flow or offset injection molding. They make use of 
the fluid state of thermosetting molding materials 
before complete polymerization. The process is suit- 
able only for relatively small parts, and is one that 
requires careful control of processing variables, such 
as temperature. 


Compression molded parts. Compression molding is 
primarily used to mold thermosetting plastics, 
though in some instances it can be used economically 
to mold thermoplastics, e. g., vinyl phonograph rec- 
ords. Thermoplastic materials cannot usually be pre- 
formed, but are charged as powder or granules. 

In compression molding, a partially polymerized 
thermosetting resin, usually in the form of a pre- 
form made from powder or granules, is placed in the 
heated mold cavity. The mold is closed, heat and 
pressure are applied, and the material flows and fills 
the mold cavity. The heat then fully polymerizes the 
material before the mold is opened and the part re- 
moved. 

In the case of thermoplastic materials, heating 
softens the polymer, which flows and fills the mold. 
Then the mold is cooled and the part solidifies. 

Less material is required for compression molding 
than for injection or transfer molding, since the 
material is placed directly in the mold, and no 
sprues, runners or gates are required. With thermo- 
setting resins, the cycle is longer than in injection 
molding, since the part must be cured in the mold. 


Cold molded parts. Cold molding is similar to com- 
pression molding in that it makes use of a split, or 
open, mold in which the material is charged. It dif- 





fers from compression molding in that it uses no 
heat—only pressure on the order of 2000 to 12,000 
psi, After the part is removed from the mold it is 
placed in an oven to cure to its final state, 

Materials used for cold molding are classified 
as nonrefractory (organic) and refractory (inor- 
ganic). Organic types consist of binders — such as 
asphalts, oil derivatives and residues, and gum or 
resin solutions — and fillers, such as asbestos fibers 
and silica and magnesia compounds. Inorganic types 
consist of binders — such as cement, lime or silica — 
and fillers, such as asbestos. 

Cold molded parts are primarily used for elec- 
trical components. The materials have excellent 
electrical insulating properties, as well as resistance 
to moisture and heat, 


Transfer molded parts. Transfer molding of thermo- 
setting materials is roughly analogous to injection 
molding of thermoplastics. The thermosetting mold- 
ing compound is heated to plasticity in a transfer 
chamber, and is then fed to the mold cavity (or cavi- 
ties) through sprue, runners and gates. After the 
mold is filled, heat is maintained for a predeter- 
mined period of time to fully polymerize and cure 
the part. . 

In comparison with compression molding, trans- 
fer molding is particularly advantageous where thin 
sections or delicate inserts are used. Since the design 
of runners and gates permits some control over 
where the material is to be fed to the mold, flow of 
the material can be more closely controlled than in 
compression molding. Also, closer tolerances can 
usually be held on transfer molded parts. On the 
other hand, transfer molds are usually more elabor- 
ate than compression molds, and there is a loss of 
material in the cull and sprue. Size of transfer mold- 
ed parts is somewhat limited. 


Design facters. Though it is difficult to generalize 
about design factors for injection, compression and 
transfer moldings, the following factors should be 
considered : 


Shrinkage—Allowance must be made for shrinkage 
of the molding compound in design of the part. In 
addition to affecting dimensional accuracy of the 
part, shrinkage can introduce internal stress which 
may make the part unserviceable. Shrinkage values 
for the various plastics are given in the data sheets 
in Section 5 of this issue. 


Wall thickness—Strength required both in service 
and during manufacture must be considered in de- 
signing wall thickness. In thermosetting materials, 
walls less than 0.062 in. thick are extremely difficult 
to obtain, and a minimum of 0.125 in. is preferred 
(see accompanying table). 


Draft—A draft taper in deep drawn parts, in 
addition to making it easier to remove a part from 
the mold, creates a wedging action as the the mold 
is closed. When thermosetting materials are com- 
pression molded, converging tapers increase the 
density of the plastic in the upper sections. There 
are no precise formulas for taper, but the most 
liberal taper the design can allow should be provided. 
Tapers of less than 1 deg can be used for deep 
parts; e.g., television cabinets 6 to 24 in. deep have 
been molded with tapers as small as 0.001 in. per in. 


Tolerances—A high degree of accuracy in molded 
parts is expensive to achieve. On small shapes, 
tolerances as close as +0.002 in. are possible. When 


continued 
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Forms and Shapes of Materials 


Plastics Parts—continued 


size is increased to a few inches, over-all tolerances 
increase to approximately +0.005 in. On large 
pieces, tolerances of about +£0.001 to 0.002 in. per in. 
are obtainable. Tolerances closer than actually 
mandatory should not be specified; as specified ac- 
curacy increases, cost increases disproportionately. 


Design Rules. 


1. Use sufficient draft on long thin shapes to per- 
mit their withdrawal from the mold. 


2. Minimize coring. When cores are used they 
should be easy to withdraw. 


8. Avoid internal and external undercuts; they 
make withdrawal of paris difficult and require con- 
siderably more expensive molds. 


4. Provide ample fillets on inside corners, and 
avoid sharp external edges and corners except at the 
parting line of the die. 


5. Avoid large flat areas. Dappling or otherwise 
breaking up the surface is recommended. 


6. Keep tolerances as liberal as possible. Excessive- 
ly close tolerances add to cost because of increased 
die costs and high rejection rate. 


7. Avoid abrupt changes in wall thickness. 


8. Locate parting lines so that flash can be re- 
moved easily without marring surrounding areas. 


9. Locate holes for easy coring. 


10. Use ribs to achieve desired strength and stiff- 
ness. Ribs permit materials savings by reducing sec- 
tion thickness, 


11. Use inserts for threaded holes where high 
stresses are anticipated or where considerable wear 
is to be encountered. Round inserts are preferred. 


WALL THICKNESS OF MOLDED PARTS (in.) 


























Material Mini- | Small | Aver- Large 
& mum | Parts age Parts 
THERMOSETTING 
Phenolics 
General Purpose & 

Flock-Filled....... 0.050 | 0.062 | 0.125 | 0.187-1.000 
Fabric-Filled........ 0.062 | 0.125 | 0.187 | 0.187-0.375 
Mineral-Filled....... 0.125 | 0.125 | 0.187 | 0.200-1.000 

Alkyd 
Glass-Filled......... 0.040 | 0.093 | 0.125 | 0.187-0.500 
Mineral-Filled....... 0.040 | 0.125 | 0.187 | 0.187-0.375 
Ureas, Melamines 
Cellulose-Filled...... 0.035 | 0.062 | 0.100 | 0.125-0.187 
Fabric-Filled.........} 0.050 | 0.125 | 0.125 | 0.125-0.187 
Mineral-Filled....... 0.040 | 0.093 | 0.187 | 0.187-0.375 
THERMOPLASTIC 
as nts dsb-<00s 0.025 | 0.035 | 0.093 | 0.125-0.250 
Cellulose Acetate....... 0.025 | 0.050 | 0.075 | 0.125-0.187 
Cellulose Acetate 
Butyrate............ 0.025 | 0.050 | 0.075 | 0.125-0.187 
Ethyl Cellulose......... 0.035 | 0.050 | 0.062 | 0.093-0.125 
Polyamide........ _...| 0.015 | 0.025 | 0.060 | 0.093-0.125 
Polyethylene.......... 0.035 | 0.050 | 0.062 | 0.093-0.125 
Polystyrene........... 0.030 | 0.050 | 0.062 | 0.125-0.250 
Polyvinyl Chlioride...... 0.093 | 0.062 | 0.093 | 0.125-0.250 





Castings 


Materials. Any resin available in liquid form can be 
cast. Castable resins include phenolics, polyesters, 
epoxies, silicones and acrylics. 


Types of molds. The type of mold used depends on 
the plastic, the size and shape of the part, and other 
design considerations. 


Draw mold—No undercut is possible. Flutes and 
scallops must run in the direction of removal. Taper 
must be provided to break the vacuum and reduce 
friction. Castings are removed by force, and mini- 
mum wall thickness is critical, running from 1/8 in. 
on tiny parts to 3/16 in. on parts the size of radio 
cabinets. 


Split mold—Undercuts may be provided if they 
do not prevent release from the separate parts of the 
mold. Minimum wall thickness is 3/16 in., and parts 
less than 0.1 lb are not commonly produced econom- 
ically. 


Cored mold—This type allows complexity of de- 
sign, but is not usually feasible from a cost stand- 
point for parts less than 4 x 4 x 4 in. Molds re- 
quire no taper. Minimum wall thickness is 3/16 in. 
Mold shrinkage allowance must be considered. Ex- 
tremely large parts may be cast. 


Flexible mold—Model may be constructed of wood, 
porcelain, metal, etc. Mold is of plaster with a 
lining of rubber latex or an elastomeric plastic. 
Epoxy materials may be cast in flexible molds, but 
most polyesters react with the lining material. Al- 
though parts cast in rubber molds cannot be held to 
the tolerances possible with matched metal molds, 
a reasonable degree of accuracy is reproducible. For 
example, on cast phenolic parts dimensions can be 
held to about £0004 in. per in. The degree of 
accuracy obtainable on any part depends on the 
oversize allowance used in making the master pat- 
tern, the care with which the pattern is made, and 
the degree of accuracy attained in calculating 
amount of shrinkage during cure of the rubber mold 
and the cast resin. 


Extrusions 


In many cases, extruded parts are competitive 
with molded parts. Where many parts are required 
with a complicated cross section in one plane, the 
cross section can be produced by extrusion, and the 
parts formed by rapid, automatic cut-off to shape. 


Thermoplastics. In extruding a thermoplastic, the 
molding powder is fed through a hopper to a 
chamber in which it is heated to plasticity at a con- 
trolled temperature. The plastic powder is then 
driven, usually by a rotating screw, through a die 
having the shape of the desired cross section. The 
process is continuous and is used to produce tube, 
rod, film and sheet, as well as other continuous 
shapes. 


Thermosets. Reinforced thermosetting tube and rod 
can be produced by an extrusion process. The rein- 
forcing fibers are fed continuously through a bath 
of liquid thermosetting resin and then through a 
die of the desired cross section. The extruded shapes 
then pass through a cylinder held at a controlled 
temperature to polymerize and cure the thermoset- 
ting resin. Extrusion speed must be relatively slow 
to provide sufficient time for complete cure. 
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Thermoplastic Sheet Formed Parts 
Materials. A variety of shapes and forms can be 
produced by thermoforming calendered, cast or ex- 
truded thermoplastic sheet. The materials that lend 
themselves to this method of forming include poly- 
styrene and modified polystyrenes, acrylics, cellulose 
acetate and cellulose acetate butyrate, vinyl polymers 
and copolymers, and polyethylene. Use of this type 
of molding has grown with the development of rela- 
tively low cost extruded sheet to replace more ex- 
pensive cast or calendered materials. 


Methods. Essentially, thermoforming involves pre- 
heating the flat sheet to 180 to 360 F, the tempera- 
ture depending on the material, and then forming 
by mechanical, air or hydraulic pressure to the de- 
sired shape. After cooling, the part is taken from the 
mold, and unwanted flanges are sawed or blanked 
from the part. All of the different processes have 
in common low forming pressures, and thus low cost 
molds and equipment (see accompanying box for de- 
tails on the types of parts producible by each 
method). In recent years, rapid-cycle forming ma- 
chines have been developed to make sheet molding 
more practical for large production quantities. 


Reinforced Plastics Moldings 


The term “reinforced plastics moldings,” as used 
here and in the plastics industry, refers to parts 
produced by impregnating a reinforcing material, in 
the form of cloth or mat, with a liquid thermosetting 
or thermoplastic resin, laminating the material into 
multiple layers, and curing with heat and pressure 
to form a dense, hard solid. It does not include ma- 
terials discussed later as “high pressure laminates,” 
which are available from stock as flat sheet, rod or 
tube. 


Materials. Resins used for reinforced plastics mold- 
ings include polyesters, phenolics, epoxies, mela- 
mines and silicones. Reinforcements include cloth or 
mat made from cotton, glass, asbestos and nylon. 
Glass reinforcements are most commonly used. Re- 
cently, there has been much interest in reinforcing 
thermoplastic resins, such as vinyls and acrylics, 
with cloth or mat made from thermoplastic synthetic 
fibers such as nylon. However, the bulk of reinforced 
plastics moldings today utilizes thermosetting resins. 


Methods. 


Contact molding—A low cost mold is used, Layers 
of reinforcing material are placed by hand against 
the mold surface; and resin is added, either by 
spraying or brushing after each layer is located. 
After sufficient layers of mat or cloth have been sat- 
urated with resin, they are allowed to harden with- 
out external application of heat and without applied 
pressure. 


Vacuum bag molding—Procedure is similar to con- 
tact molding except that when lay-up is completed, 
a flexible sheeting, usually polyvinyl alcohol, is 
placed over the impregnated reinforcement and a 
vacuum is drawn between the sheeting and the mold 
surface, This provides about 12 psi pressure on the 
part, permitting higher glass content. 


Pressure bag molding—Similar to vacuum bag 
molding except that a tailored bag is placed against 
the sheeting, and pressure is applied inside the 
bag to expand it against the impregnated rein- 
forcement (sometimes pressure is applied directly on 
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the sheeting). Pressures up to 50 psi are usually 
used, making high glass contents practical. Some- 
times the entire assembly is placed in a large auto- 
clave that contains hot air or steam at 50 to 100 psi 
pressure (“autoclave molding’”’). 


Flexible plunger molding—A metal female mold 
is usually employed and glass and resin are placed 
in the heated cavity. The plug portion is made of 
medium hard rubber, and is the approximate shape 
of the part to be molded. The rubber plug pro- 
vides uniform, high and fluid pressure. High glass 
contents are possible. This method is not practical 
for large moldings because of the high pressures 
and the limitations of the flexible plunger. 


Vacuum injection molding—Two molds, often made 
of glass-reinforced plastics, are used. The reinforce- 
ment is laid between the two molds and the resin is 
poured in a moat around the bottom. The resin is 
then sucked by vacuum up through the reinforce- 
ment. This tends to give air-free parts, and is used 
primarily for large parts. Glass contents are usu- 
ally low. 


Matched die molding—Can be used for parts up to 
about 60 sq ft in area, and is generally used for 
high production runs. Uses two metal molds which 
have a close-fitting, telescoping area to seal in the 
resin and trim the reinforcement. The molds are 
heated (with steam or electricity) to about 240 F. 
Where the length of run is sufficient, this method 
gives the lowest cost moldings and the highest pro- 
duction rates. P 


Design rules. Designing molded reinforced plastics 
parts is difficult because of the large number of 
variables encountered in the material and the proc- 
ess, and the difficulty of controlling some of them. 
These variables include: 1) composition of the resin, 
including fillers, catalysts and hardening agents, 2) 
geometry of the reinforcing material, 3) resin- 
reinforcement ratio, 4) degree of saturation of rein- 
forcement by resin, and 5) temperature and time 
of cure. 


The cardinal design rule, which cannot be over- 
emphasized, is: consult the custom molder in the 
primary design stages. In addition, follow these 
general design rules: 

1. Integrate parts. 

2. Make prototypes. 

3. Mold to dimensions; parts cannot be “sprung” 
after they are molded. 

4. Use stress formulas valid for fiber-reinforced 
plastics. 

5. Know the conditions of use. 

6. Consider effects of the molding procedure. 

7. Use sandwich construction for maximum 
strength-to-weight ratios. 

8. To increase rigidity in stressed areas: a) in- 
crease the glass loading, b) use unidirectional rein- 
forcement where practical, c) place flanges and lips 
on edges, d) use ribs, corrugations, beads and dim- 
ples, e) increase wall thickness, f) use curved sec- 
tions rather than flat areas where possible, and g) 
use sandwich construction. 

9. Avoid drastic changes in wall thickness. 

10. Avoid sharp corners; use liberal radii. 

11. Use maximum draft. 


12. Avoid undercuts. 






continued 




















Forms and Shapes of Materials 


Plastics Parts—concluded 





Thermoplastic Sheet Forming Methods 


Cold bending. Simple circular or cylindrical 
shapes. The thicker the sheet, the larger the bend 
diameter must be to prevent high stress concen- 
trations. Ex: consumer packages. 


Hot line bending. Two-dimensional shapes with 
arc, angle or channel cross section. Gradual to 
sharp bends, depending on heating procedure. Ex: 
safety guards. 


Stretch forming (hot draping, yoke forming). 
Two-dimensional or slightly compound shapes, 
especially large shapes. Subject to surface dis- 
tortion. Not suitable for reproduction of fine 
details. Yoke forming provides more uniform 
thinning out and is suitable for longer runs than 
manual stretch forming. Ex: aircraft canopies. 


Plug and ring forming. Shallow to deep drawn 
shapes with gradual to sharp angles and curves. 
Not suitable for highly accurate contours or fine 
mold details. Considerable surface distortion, 
especially at inside corners— unsuitable where 
optical properties are critical. Ex: trays. 


Slip forming. Same as yoke forming or plug and 
ring forming except that much more uniform 
thickness and less optical or pattern distortion 
can be obtained throughout the part, especially 
in deep drawn shapes. Fluted edges obtained by 
increasing clearance. Ex: carrying cases. 


Free blowing or free vacuum forming. Somewhat 
modified surface tension shapes (tending toward 
fishbowl shapes) determined by shape or clamping 
ring and depth of draw. Internal flanges. Toler- 
ances %-% in. Good optical properties. Vacuum 
methed easier to control and preferred where 15 
psi is sufficient pressure. Ex: aircraft domes. 


Ridge forming. Simple or complex (with vacuum 
and/or air pressure) shapes with minimum sur- 
face distortion and low mold cost. Generous radii 
necessary to avoid tearing at ridges during form- 
ing. Combines possibilities of plug and ring form- 
ing, free blowing or free vacuum forming, vacuum 
forming and vacuum snapback forming. Ex: 
equipment housings. 


Vacuum forming or blow molding in female mold. 
Usually limited to relatively shallow draws, and 
relatively large angles and radii—more so the 
thicker the sheet. Blow molding offers higher 
pressures and is therefore more suitable for 
smaller angles and radii, especially in thicker 
sheet; also reduces forming temperature required 
for thick sheet. Both produce some surface dis- 
tortion—less so the more the shape of the mold 
resembles a surface tension shape. Ex: display 
signs. 

Blow-dieing. Small, thin shapes having greatest 
perimeter larger than neck—especially closed 
spherical or modified spherical shapes. Not suit- 
able for close tolerances. Ex: hollow toys. 


Vacuum forming over male plug (drape forming). 
Shallow to deep drawn shapes with relatively 
sharp angles and curves can be made with good 
accuracy and reproduction of fine mold detail, and 
without excessive thinning out. More accurate 
than plug and ring forming but not as suitable 
for thick sheet. Subject to surface distortion, 
especially at bottom of draw. Ex: display signs. 


Vacuum snapback forming. Especially suitable 
for modified surface tension shapes with minimum 
mark-off and closer tolerances (% in.) than ob- 
tainable in free blowing or free vacuum forming. 
Simple snapback method not suitable for reverse 
curves or sudden contour changes, but more com- 
plex shapes and finer reproduction of mold detail 
are provided by additional vacuum or air pressure. 
Integral flanges. Combines possibilities of free 
vacuum forming and plug and ring forming. Ex: 
aircraft domes. 


Matched die molding (embossing). Especially 
suitable for shallow draws, long runs and em- 
bossed surfaces. Relatively uniform thickness, 
good mechanical properties. Subject to surface 
distortion on both sides. Ex: watch crystals. 


Die pressing. Small, simple shapes that can be 
approximated in precut blank and have somewhat 
varying thickness, or relatively great thickness 
compared to over-all size. Ex: brush backs. 





18. Consider use of molded-in holes. 

14. Consider mold shrinkage. 

15. Design to practical dimensional tolerances. 
16. Design to avoid warpage. 


Secondary fabrication. See “High Pressure Lami- 
nates” below. 


High Pressure Laminates 


The term “laminates” used here refers to those 
reinforced plastics materials formed by high pres- 
sures (over 1000 psi). Vulcanized fibre is also in- 
cluded because of the similarity of its applications. 
These materials are available as sheet, rod or tube. 


Materials. Resins used include phenolics, melamines, 
silicones and epoxies, and reinforcements consist of 


MINIMUM COLD BENDING RADII 
FOR RIGID VINYL SHEETS 
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cellulose paper, asbestos paper, or fabric or mat 
made from cotton, glass, asbestos or nylon fibers. 
Vulcanized fibre has only one component—cellulose. 
It is made by laminating chemically gelled paper, 
leaching out the chemical, and calendering. The re- 
sulting laminate is tough and hornlike, and has good 
electrical properties. Properties of standard NEMA 
(National Electrical Manufacturers’ Assn.) lami- 
nates are given in Section 5 of this issue. 


Postforming. Certain grades of laminates can be 
postformed by the use of heat and pressure. Tem- 
peratures, times and pressures vary with grade of 
laminate, thickness of material, and design. Tem- 
peratures generally range between 350 and 480 F, 
heating time usually ranges from a few seconds to 
a few minutes at most, and pressures range from 
a few pounds to several hundred pounds per square 
inch. 

Although the following formability values should 
not be used for design, they do indicate general 
limits for postforming. Minimum radii are measured 
on the inside of bends, and apply to bends made 
lengthwise and crosswise. Smaller radii can be 
achieved with cloth-base laminates by orienting the 
sheet so that bends are made diagonally to the warp 
and fill directions. 


Thickness, in. Min Bend Rad., in. 








NTT eT Tee ere ree 1/32 
POP OTT TT SEPT TT TTT ey ST 3/32 
SE S70 C0) ds KOE CES s Ocedaweed 3/16 
OPE eee oer er rr ee 5/16 
PRE U6 46604 bed ot eees eepen ee 9/16 
Goes SA b ees eDececasa ds eed 1 

Pees v ideas os beebtesceces 1 3/4 
BT hiow Wn bine O08. Kok wea eee a Bee 2 1/2 


Postforming grade laminates can be drawn to 
moderate depths. Both paper and cloth-base lami- 
nates in 1/16-in. thickness can be drawn to a depth 
of about 1% in. in a 3-in. dia spherical cup. 

Vulcanized fibre can be formed by the use of 
moisture and pressure. Water softens or plasticizes 
the fibre to the extent that it can be formed under 
relatively low pressures, usua!ly between 200 and 
500 psi. In addition to forming in matched die 
presses, vulcanized fibre can be formed in standard 
sheet metal angle brakes and in punch. presses if 
the design is simple and only a little moisture is 
required. 


Secondary fabrication. Machining and other second- 
ary operations carried out on reinforced plastics are 
similar for both low and high pressure moldings, 
as well as for laminates. 


Blanking and punching—Use of a punch press 
with a hard, well-made blanking or punching die is 
the accepted production method for cutting flat stock, 
putting holes into side walls of moldings, and other 
piercing steps. Punching of reinforced plastics re- 
sults in holes that are 0.002 to 0.010 in. smaller than 
the punch. Blanking gives parts 0.001 to 0.005 in. 
larger than the die. In each case, these values de- 
pend on a relation based on the thickness and the 
proportion of reinforcement. This “shrinkage” 
causes the material to seize the dies, so that a 
strongly loaded spring stripper mechanism is de- 
sirable. It has been estimated that a pressure of 
20,000 psi (on the shear-edge area) is sufficient for 


blanking, punching and shearing. 


Shearing—Shearing of %-in. thick stock is quite 
feasible. For best results, the piece should have a 
width of at least twice the thickness of the parent 
stock. Shear gibs must be snug and blades sharp. 


Sawing—Abrasive cutting wheels should be used 
whenever possible; rigid mounting of both the wheel 
and the work is important. A metal cutting blade, 
if used, should have coarse, offset, wide-spaced teeth. 


Drilling—Accurately located holes on side walls 
are difficult to mold. Where small runs are made, 
and where precision is required, drilling is recom- 
mended. There is no limit to the thickness that can 
be drilled. 


Tapping—Tapping is seldom performed, because 
the strength of a screw and tapped hole system is 
inferior to that of a nut and bolt assembly. Where 
light duty connecting is called for, self-tapping 
screws are satisfactory. 


Grinding—Widely used to provide the taper in glass 
fiber-reinforced plastics fishing rods. Satisfactory 
automatic machines are in common use. Standard 
coolants are employed so that rapid feeds and mini- 
mized wheel loading are possible. 

Routing, milling, turning—Routing is a practical 
production edging process and is faster and more 
accurate than jig-sawing where moderate numbers 
of irregular holes are to be cut. Milling and turning 
are not frequently required, but can be readily 
accomplished. Well-sHarpened carbide or diamond- 
tipped tools provide good efficiency; speeds and feeds 
appropriate for brass are recommended, 


DESIGN FACTORS FOR GLASS-REINFORCED 
PLASTICS MOLDINGS «+ 




















Flexible | Vacuum | Matched 

Type of Molding »> Bag Plunger | Injection Die 
Inside Radius (min), 

eee eee Yy Yp Y Ve 
Molded-in Holes..... Large only; No No Yes 
Trimmed in Mold....} No No No Yes 
Built-In Cores....... Yes Not rec | Yes Not rec 
Undercuts...........] Yes Only slight} Notrec | No 
Draft (min), deg..... 5 l 3 l 
Thickness (min), in...| 1/10 Ye 1/10 Va 
Practical Thickness 

(max), in.......... l Y Y, Y% 
Normal Thickness 

Variation, in....... +0.020 | +0.015 | +0.020 | +0.008 
Thickness Build-Up 

Se Asdesired| 2 to 1 max} Asdesired} 2 to 1 max 
Corrugated Sections. .| Core Yes, l-in.| Yes Yes 

better rad. 

Metal Inserts........ Yes Notrec | Yes Possible 
Surfacing Mat....... No Yes Notrec | Yes 
Size of Part (max), 

| ee F 100 1000 175 
Metal Edge Stiffening.| Notrec | Notrec | Notrec | Yes 
Bosses..............] Possible | Possible | Possible | Possible 
Ree Yes No No Short, yes 
Molded-in Labels... .} Yes Yes Notrec | Yes 
Raised Numbers or 

Letters............1 Yes Yes Yes Yes 





*Not rec=not recommended at present time. 
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Forms and Shapes of Materials 


Metal Powder Parts 


General 


Metal powder parts are made by compacting loose 
metal powders in a die and subsequently sintering 
the compact to form a structural part. Additional 
operations may be used to obtain special results. 


Materials. Materials combinations impossible by 
other processes are commonplace in metal powder 
parts. Among the materials used are: iron, steel, 
stainless steel, copper, brass, bronze, monel, nickel, 
tin, tungsten, zirconium, graphite, and various oxides 
and carbides. Powders of these materials are pro- 
duced by a variety of methods, the most common 
being reduction of oxides or ores, electrolytic deposi- 
tion, atomizing, mill grinding and thermal decomposi- 
tion of carbonyls. 


Advantages. Powder metallurgy permits the use of 
metallic combinations that would not be possible to 
melt, and permits close control over structure, which 
may be dense or porous as desired. 


Limitations. Metal powder parts must be of rela- 
tively simple shape because: 1) dies must permit 
easy removal of parts, 2) most powders have poor 
flow qualities, and 3) it is difficult to transmit pres- 
sures through great depths of powder. Where other 
considerations make it practicable, more complex 
shapes can be produced by using costly, intricate dies 
and double-acting presses. Because powder metal- 
lurgy is not capable of holding extremely close di- 
mensional tolerances, secondary sizing or coining 
operations are sometimes required. Size of metal 
powder parts is restricted both by available press 
sizes and by the difficulty of transmitting pressure 
through powder. Initial tool costs are high. Produc- 
tion volumes of less than 10,000 parts are normally 
not economical although there are cases where small 
runs have proved feasible. 


Mixing. The powders are mixed with alloying addi- 
tives and lubricants. In rare cases (e.g., preparation 
of prealloyed powders) thermal treatment may be 
required before compacting. 


Compacting. Compacting (or pressing) to proper 
density and shape requires pressures of from 5 to 50 
psi in mechanical or hydraulic presses. The dies are 
usually made of hardened tool steel or cemented 
carbides and must be lapped to a high polish. 


Sintering. This operation is performed at a tem- 
perature which is usually 70 to 80% of the melting 
point of the major constituent. Sintering time ranges 
from % hr to several hours. Volatile materials are 
driven off and, if present in quantity, can result in 
porosity. The furnace atmosphere must be carefully 
controlled to prevent oxidation. 


Infiltrating. In this additional step, sometimes de- 
sirable, a molten metal of lower melting point than 
the major constituent is forced into the part under 
pressure, penetrating and solidifying within the 
pores. Infiltration increases strength by 70 to 100%. 
Other operations. Presintering may be used before 
parts are machined. Coining (or sizing) is often 
used to provide closer tolerances and increased 
strength; pressures used are equal to or greater than 
the initial pressure. Coining may be followed by 
another sintering operation. Other operations pos- 
sible include machining and case or precipitation 
hardening. A common finishing process is the intro- 
duction of oil into the pores of bearings. 





Properties of the Powders 
The properties of metal powder parts are highly 
dependent on the qualities of the powders used. The 
most important of these are: 


Purity. Clean particle surfaces insure good contact 
between particles (needed for optimum mechanical 
properties). The presence of foreign particles must 
to be held to a minimum, usually specified. 


Apparent density. Apparent density (sometimes 
bulk density) is the weight of a unit volume of 
powder and is of particular importance in the press- 
ing operation. The lower the value, the greater the 
volume of powder needed for a part of given size. 


Compressibility. The ability of a metal powder to be 
pressed is important for both fabrication and end 
properties. Compressibility (ratio of volume of 
loose powder to volume of compact) is affected by 
physical characteristics of powder particles and dis- 
tribution of particle size. 


Particle size distribution. Also called sieve analysis, 
this property is usually expressed as the percentage 
by weight of powder that can be retained on each of 
a series of standard sieves of decreasing size. It 
affects press feed, dimensional changes during sin- 
tering, porosity of the compact, and final attainable 
density and strength. 


Flow rate. The ease with which a metal powder can 
be fed into the die is determined by its flow rate. 
Low flow rates slow up automatic pressing operations 
and may require the use of vibrating equipment. 


Sintering properties. Sintering is usually done in an 
inert, reducing or neutral atmosphere, or in a vac- 
uum. The sintering temperature of metal powders 
is critical; therefore, for production purposes it is 
desirable to have a furnace with a reasonably wide 
temperature range. 


Green strength. This is the powder’s ability to be 
handled without breakage after compacting and 
before sintering. 


Properties of the Parts 


Mechanical and physical properties of sintered 
parts are closely related to the final density that can 
be achieved. In general, as density of a metal pow- 
der part increases, strength also increases, and at 
100% density the properties theoretically will be at 
least equal to those of solid stock. 

As yet, few standard tests for determining me- 
chanical properties have been established, and in 
many cases conventional methods are not adequate. 
In addition, it is not feasible to give detailed infor- 
mation concerning strength properties because they 
depend on so many variables (e.g., type and size of 
powder, pressing pressure, sintering temperature, 
coining and other operations). The table included 
here is a rough guide to the strength ranges that 
can be expected with the most common metal powder 
formulations. 


Production Factors 


Metal powder parts may be classified in order of 
increasing difficulty of production according to each 
of three factors: design, tolerances and density. 
Design classification. I—plain circular or profiled 
parts, II—plain circular or profiled parts with holes, 


316 *« MATERIALS IN DESIGN ENGINEERING 











11I—parts with external flanges, IV—parts with in- 
ternal flanges, V—parts requiring multiple punch 
motions. 





Tolerance classification. wide, b—medium, 
narrow. 
Density Classification. 1—low (below 6.3 gm per cu 
em), 2—medium (from 6.3 to 7.1 gm per cu cm), 3— 
high (above 7.1 gm per cu cm). 

Thus, difficulty in producing metal powder parts 


ranges from lal to Vc3. 


a C— 


Design Factors 


Wall thickness. A wall as thin as 0.030 in. is pos- 
sible on small parts, but a general rule calls for a 
minimum thickness of 0.032 in. per in. of length of 
the section. Large variations in section thickness are 
undesirable. 


Tolerances. There are two different classes of toler- 
ances for metal powder parts: tolerances on dimen- 
sions which are tool dependent only, and tolerances 
that are dependent on both press and tool (generally 
only the overall dimension in the pressing direction). 
The accompanying table illustrates that the narrowest 
tolerances are obtainable only if the last processing 
step involves a sizing or coining operation, and in 
some cases a precipitation hardening treatment. 
These narrow tolerances compare with medium 
grinding or broaching tolerances. Tolerances for 
parts that are sintered but not sized compare with 
medium to wide tolerances for screw machine or 
milled parts. 


Design Rules 


1. Cylinders, squares and rectangles are the most 
favorable shapes. When a shape deviates from these, 
it is essential that it be uniform in the direction of 
pressing. 

9 


Contours must be in a plane at right angles to 
the direction of pressing. 

3. Avoid feather or knife edges; narrow, deep 
splines; thin projections; and sharp corners. 

4. Radii of at least 0.010 in. should be provided in 
corners, and edges should be given a 45-deg chamfer. 

5. Length of part in pressing direction is normally 
limited to 3 to 6 times the cross sectional area. 


6. Use inserts sparingly as they are difficult to 
mold in. 

7. Shoulders in a solid top punch require 1 to’ 5 
deg taper to assist removal. 

8. To prevent trapping powder in an acute angle 
between punch and die, a small horizontal step is 
recommended. 


9. Use flat punches for less breakdown time. 


10. An acute angle for a lead-in can sometimes be 
produced by a coining operation. 


11. Undercuts cannot be molded. 


12. Parts with multiple steps should be designed 
with a minimum width of 0.035 in. for each step. 


18. Complete spheres cannot be molded. 
14. Avoid re-entrant angles. 


15. If a projection is opposite the blind end, one 
or the other must be modified. 


16. Grooves in top face of parts can be molded 
within following limits: 30% of total height for 
curved grooves, 20% for square. A 5-deg min taper 
is necessary on vertical sides. 

17. Avoid flats on flanges requiring thin punches. 

18. Avoid vertical radii on edges. i 

19. Joining metal powder parts offers special diffi- 
culties. 

20. Corrosion protection requires special precau- 
tions. 


TOLERANCES FOR METAL POWDER PARTS 





Tolerances, in. per in.* 
Final Operation 











+ 
Narrow Medium Wide 
Coining®........... 0.0052, — | 0.00208, 0.00132 —, 0.0052 
Sintering..........] —,— | 0.00208, 0.00326 | 0.0084, 0.0208 
Case Hardening. . —,— | 0.00208, 0.0052 0.0208, 0.0208 





® The first tolerance refers to dimensions which are tool-dependent 
only; the second to those which are both tool and press-dependent. 
A dash means the particular class of tolerance is not held. 

b And possibly precipitation hardening. 


PROPERTIES OF SOME COMMON TYPES OF METAL POWDER PARTS 























| | | 
| Density, Ten Str, | Hardness | Elong Compr Yid Str, 
Material Composition, % gm/cu cm 1000 psi | (Rockwell) | (lin.), % 1000 psi 

ete is non tie A Es hd bb bones aieen tres Ceaceracs 6.5 | 29-26 | F20-30 | 2-5 18-21 
STS SES eas 1, PP ta ae ee EAR. 7.3 | 35-38 B15-25 20-28 29-34 
ac cele s dete) oo. ck, Cu 1.5-2.5............. 7.0 35 B30-50 10 26 
lron-Copper-Carbon................ Cu 1.5-2.5, C0.25-0.60.. 7.0 42 B35-60 7 | 38 
lron-Copper-Carbon................ Cu 1.5-2.5, C 0.6-1.0.... 7.0 50 B60-80 5 48 
RRR SRP C0.25-0.60............ 6.5 27 — | ee 
SE, cy a ae a as, ivpaacaaas 7.0 48 B55-75 3 45 
6 HG SY Loc web |) ars 6.5 35 B35-45 | Y, 27 
ES ree aS AE 7.3 65 B55-65 | l 70 
ae SE. is vist cent 7.3 100 B65-75 0.5 | 120 
Stainless Steels.................... 304 and 316........ 6.0-6.5 40-75 F64-85 | 12-25 | “= 
I sian s asRD Vin on< bls aetanttahet assess rennet 8.3 26-27 H30-40 =| = =16-23 | 20-22 
TE SES a Cu 77-80, Pb 1.25-1.75.. 7.8-8.0 | 27-31 H70-75 15-19 14-18 
ee nf On OS-405......0cc0.. 6.8-7.2 16-20 65-90 « 2-3 | 15-20 
RTE ree Fer Sapir iat eee 7.7 33 H75-85 | 16 | 19 
* Annealed condition except bronze. b At 0.1% offset. © Depends largely on degree of cold working. 
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Forms and Shapes of Materials 


Screw Machine Parts 


General 


Advantages. Perhaps the greatest advantage of screw 
machine parts is the extreme speed at which they 
can be produced. Production rates can reach—and 
even exceed—4000 parts per hr. Extremely close 
tolerances can be held. Finishes are usually superior 
to those attained by other methods. Since bar or tube 
stock is used as the raw material, mechanical prop- 
erties are usually high. 


Limitations. Scrap losses are usually high because 
the over-all size of the bar must be as great, or 
greater than, the largest diameter of the part. 


Materials. Nearly any machinable metal can be used 
for screw machine parts if it is available in bar or 
tubular form. For best results, though, the material 
should be free machining and should not be too soft, 
too hard or too stringy (since such materials make 
it difficult to maintain production speeds and also 


MACHINABILITY RATINGS 





cause inferior surface finish). The majority of screw 
machine parts are made from free-machining steels, 
free-cutting brasses, and aluminum and magnesium 
alloys. 


Design Rules 


Restrictions are imposed by the requirement that 
all parts must have surfaces of rotation that are 
concentric with the axis of the stock being machined. 
However, interior and exterior undercuts are possible, 
and nearly any type of thread can be produced. 

Square corners are not desirable. Chamfers are 
preferred, but if rounded edges are desired, liberal 
radii should be provided. Dimensions can be held to 
+0.001 to +0.003 in. without difficulty and, when 
necessary, they can be as close as 0.0005 in. 

Maximum size is limited, but screw machine parts 
can be extremely small. The range of sizes normally 
encountered is %4 in. up to 8 in. in dia, and a frac- 
tion of an inch up to 6-8 in. in length. 


(Based on AISI B1i112 = 100) 





Aluminum Alloys (wrought) Copper Alloys (cont'd) 


sg) Soft Aluminum Bronze 
2011.............. Excellent (dupiex)..........60-100 
Bs Gels i < woall Average Architectural Bronze, 
Mis a tds aancken Average a 
= Average Beryllium Copper, 97%.. .40 
RN cn cater as oe Average Cartridge Brass, 70%..... 60 
I (Shs AG, Sue eal Soft Commercial Bronze, 90%—40 
ae .... Soft Forging Brass, 60%... . .160 
Sree _. Average Free Cutting Brass, 
RRR Se 200 
aaa Gilding Bronze, 95%... . .40 
TS Average Gun Metal (cast), 95.8%. .60 





High Leaded Brass, 62% . 180 


— Alloys (cast) Leaded Commercial 





VAAL PAESRAS Pa Soft Bronze, 89%.........180 
EE Leaded Naval Brass, 
eae , .. Soft SR ee 
Se Average Leaded Nickel Silver, 
cae ies <7: Excellent SE 
138............... Average Leaded Phosphor Bronze 
ag oss 5 ... . Average RE eee 100 
See . .Average Leaded Phosphor Bronze 
a . Average Sa 200 
Sete aas > Average Leaded Silicon Bronze, 
Ata etreiry Excellent a 7 
en a oc rene ae Soft Low Brass, 80%......... 60 
hee a.) a abe aie Soft Low Leaded Brass, 64% . 140 
sd cc ecak rrr Manganese Bronze, 59%. .60 

_ 79. te Excellent Muntz Metal, 60%....... 80 

sp a Naval Brass, 60%....... .60 

— Nickel Silvers........... 40 
opper, 99.9%.......... 40 Phosphor Bronze, 92% 

Electrolytic Tough (Grades A, C, D, E)... .40 

: bes 5" eee 40-50 Red Brass, 85%......... 60 

eaded Copper......... 160 Silicon Bronze, 95.8%.. . .60 


Oxygen-Free Copper. ..... 40 
Phosphorized Copper... . . 40 





Selenium Copper....... 180 
Tellurium Phosphorized 
URS & cas esi ccece 180 
Copper Alloys 


Aluminum Bronze 
(alpha), 92-95%... .60-80 








Irons 
Cast Iron 
AES a 80 
Seren: 65 
RES 50 
ee 50 


Irons (cont'd) Heat Treating Steels (cont'd) 


Malleable tron SAE 1045 (annealed). . 55-60 
Standard.............120 SAE 4130 (annealed). . 40-50 
eee SAE 4140 (annealed). 40-50 

SAE 3140 (annealed). .40-50 


Wrought Iron... ; 50 
Pe Ae SAE 6135 (annealed). .40-50 
SAE 6140 (annealed). .40-50 
SAE 6150 (annealed). . 40-50 
SAE 1335 (annealed). 40-58 
SAE 1350 (annealed). . 30-40 
SAE 2330 (annealed). . 30-49 


SAE 2345 (annealed). 30-40 


Magnesium Alloys 
(wrought)........ 500-2000 


Nickel and Its Alloys 











Nickel......... 20 
Nickel Alloys (rolled). 40-55 aa ne | a 
Monel (cast). .... ee ieee 
Monel (rolled)... 40-55 SAE 52100 (annealed). 30-40 
Monel, K..... ee eat a, 7 
i a Stainless Steels 
Type 405.. ae 
Screw Machine Steels Type 406. 50 
SAE 1120 (leaded). .... 140 Type 430... 50 
SAE X1112.............140 Type 442 60 
a Type 443. 60 
SAE X1314...........90-95 Type 446... 65 
SAE X1315...........90-95 Type 430-F.... ma: |) 
I ns oS and 70-75 Se 
a 70-75 CO ae 
SAE X1350........... 70-75 Type 414...............60 
Feta. ain Er eae A: 
Carburizing Steels Mo > 4 
ype 420-F...... — 
SAE X1020...........50-65 T 
Ns ash k sin ie sins oe OD 
6 rT 50-65 T 
ype 440................40 
IS a vised on v4 50-65 T 
| OES Se 
RS eta, atk 50-65 Type 502 70 
SAE 6120 (annealed). .45-50 ba gervere “Se 
Es s-d 00 chsaeeeet 35 
, |. ae 45-50 T 
EI AS ef 60 
Ee 45-50 Type 304 45 
SAE 4615 (annealed). .45-50 bu 209 s 
SAE 2315 (annealed). .45-50 Ma 316 i. 
SAE 3215 45-50 ype fo 
eeeeeeeeteers Type 317 = 45 
Type 321 50 
Heat Treating Steels Type ba eean cane 48 
MEY Soe cccccs 55-60 
RR ATI e 55-60 RES CP ae 200 
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Spinnings 


ADAPTABILITY OF METALS TO SPINNING 



























































































Material Shallow Deep Material Shallow Deep 
& Spinning Spinning & Spinning Spinning 
Group 1—Aluminum and Its Alloys Lead Coated (long terne)............. 1.00 . 
SN 8g oon gb 'o seas a de 0% 1.00 . 
tase go 2 sede dhalsdedesds 1.00 1.00 Galvanized. .....................45. 9.90 , 
ea ES EINE A reel 1.00 0.99 High Strength De Oe a eeiews-a Cee 0.45 0.15 
aaa ie ote. 0.65 0.45 Carbon (0.40% and above)........... 0.25 0.10 
enti ee ee 0.80 0.55 : 
6061-0 090 0:80 Group 4—Stainless Steels 
« MI oo 5 doaccosnsaeeeeived 0.98 0.60 
pains dnd elncanahiatid | Rt RE 0.98 0.90 
Copper (cold rolled, annealed)........ 1.00 1.00 ve — wienendh a by ye 
Copper (hot rolled)................... 0.99 0.88 Tune 316 cis 0.90 0.60 
Yellow Brass. . ee 0.92 a Re re ee Das 050 
Cartridge Brass, 70%.................. 0.99 0.92 Mh ee ed “en 050 
Low Brass, 80%... PE 0.89 ton = 0% 080 
Red Brass, 85%... eer te 0.90 0.83 A. TEESE SEEN EERE REE 
Commercial Bronze, 1 0%. as ee 0.88 0.80 Group 5—Nickel and Its Alloys 
Gilding, 95%. . ee eee 0.85 0.75 . 
Admiralty... .. Hee Stee 0.82 0.70 Monel (spinning quality). . | 1.00 0.90 
Naval Brass. . es 0.75 0.45 Monel (special cold rolled, soft temper) 1.00 0.85 
Muntz Metal. .. bs 0.55 0.30 Inconel . NEI 0.90 0.70 
Phosphor Bronze A................... 0.85 0.40 Nickel (low carbon). A 1.00 1.00 
Phosphor Bronze C...... é. 0.85 0.45 Nickel... 100 | 0.92 
Cupro Nickel, 30%.................. 0.95 0.65 Multimet N-155..0 0.0... esse e eee. 09 | 0.50 
Nickel Silver A... . ve wea eae 0.95 0.65 I ks clacees 0.75 | 0.35 
ES eee ere 0.94 0.60 Hastelloy B............. je ee oe 0.70 0.30 
Group 3—Carbon and Low Alloy Steels Se eee 0.50 0.10 
Group 6— Miscellaneous Metals 
Cold Rolled (deep drawing quality). .... 1.00 1.00 
Vitreous Enameling (deep drawing and do as wt 0.96- | 0.90 
spinning quality).............. 1.00 0.95 reer iad 1.00 | 0.99 
Cold Rolled (standard)................ 1.00 0.92 ia 5 2k ratetbinns <4ceei4ae 1.00 1.00 
Hot Rolled (pickled and oiled)......... 1.00 0.92 Ret oh y stecien da ck 0.86 | 0.45 
Hot Rolled (low carbon)............... 0.90 0.55 oo we agdond<evdes 0.80 | 0.45 
Hot Rolled (copper-bearing)......... 0.88 0.51 Molybdenum. . .. hh 0.55 0.15 





























*Impractical—coating flakes off. 


Cold spinning is done by applying localized pres- 
sure to a rotating disk of sheet metal to draw it 
over a male form. The form is usually of hardwood, 
sometimes metal, and must be polished smooth or 
surface roughness will show in the finished part. 


Advantages. Simple, economical operation for small- 
lot production, particularly for shapes that can be 
withdrawn directly from a one-piece chuck. Multi- 
section or offset chucks can be used. 


Limitations. Considerable skill is required by the 
operator because the spinning tool (a rounded-end 
wood or metal tool, or roller) is held and manipu- 
lated manually. Usually there is some thinning of 
the material. 


Design Factors. The tolerances held by spinning 
operations are often closer than for drawn parts. 
It is also possible to neck over collapsible forms 
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certain parts that could not be produced by drawing 
or shaping in positive dies. 

Materials. Most metals, with the exception of mag- 
nesium and molybdenum, can be cold spun. Metals 
such as gold, silver, platinum, Kovar, Invar and 
Illium can be spun but require special handling. 


— 


Adaptability. Adaptability of metals to the spinning 
process is rated in the chart given above. The unit 
1.00 is assigned to the type of material in each 
group that lends itself most readily to cold spinning. 
The lower the index, the higher the cost. These fig- 
ures will vary slightly with contour, gage and size. 

This analysis applies to manual metal spinning by 
the cold method. Where quantities warrant special 
automatic spinning setups, or where existing auto- 
matic setups can be used, difficult-to-form metals 
ean be deep spun readily. The deep spinning ratings 
in the table do not apply under these conditions. 
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Forms and Shapes of Materials 


Mechanical Tubing 


General 

Mechanical tubing is manuactured specifically for 
further processing into fabricated tubular products. 
It is of uniform high quality and produced to close 
tolerances. In addition, it usually has good machin- 
ing qualities and relatively high finish, and is avail- 
able in a wide range of materials, analyses, shapes 
and sizes. 

The word “tubing” is used to describe several 
different products, including pipe and casing; how- 
ever, it refers more specifically to seamless or 
welded tubular forms which are manufactured to 
closer size tolerances than pipe. Another distinction 
is that practically all pipe is round in section. 


Advantages. For some parts, such as relatively long, 
thin-walled cylindrical objects, tubing is the only 
answer. On the other hand, there are many uses 
where tubing competes with bar, punchings, ma- 
chined parts, weldments and castings. In such cases 
tubing may offer savings in weight, inherent struc- 
tural strength, and reduction in fabricating time 
and costs, particularly in machining operations. 

The applications of tubing are extended by its 
ability to be worked and fabricated into parts by 
many methods (e.g., bending, swaging, spinning, 
flaring, machining, joining). Because of this adapt- 
ability, it actually serves as a semifinished form 
which can be further shaped into the finished prod- 
uct. In many applications the forming is of such a 
nature that the tubing practically loses its identity 
as such. 


Materials. Carbon, alloy and stainless steels; copper 
and copper alloys; nickel and nickel alloys; alumi- 
num and its alloys; magnesium alloys; and titanium. 
In addition, specialty tubing is made from a number 
of other, less common materials. 


Types. Tubing is produced either seamless or welded. 
Seamless has no longitudinal seam (however, seam- 
less tubing is often joined end to end by a circum- 
ferential weld). Welded tubing is manufactured from 
flat stock and has a longitudinal seam. Some of the 
materials mentioned above can be produced only in 
seamless or only in welded tubing. 


Comparisons. Seamless and welded tubing are alike 
in many of their characteristics, but differ in others. 
Welded tubing is made with relatively thin walls. 
Seamless is produced in a larger range of sizes and 
wall thicknesses, including heavy walls. Closer wall 
thickness tolerances can be maintained with welded 
tubing than with seamless. 

In mechanical properties, as-welded tube is about 
equal to the flat stock from which it is formed. Its 
properties are generally lower than those of cold 
drawn seamless tubing because of the improvement 
in properties resulting from cold work. However, 
drawn welded tubing compares with seamless in its 
properties. Both welded and seamless tube are 
closely comparable in their forming characteristics. 
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TOLERANCES FOR TITANIUM TUBING: 














Cold Drawne Extruded 
Diameter, : 
in.> 
- Q. D. Wall 0. D. Wall 
Tol,in. | Thk Tol, % Tol, in. Thk Tol, % 

Uptoly%... 0.010¢ 10 
LY to 3% 0.010 10 - 
3% to 5.. 0.015 10 0.031 14¢ 
5% to8..... 0.030 10 0.047 12.5 
8tol0%.... — — 0.063 12.5 
® Round tubing. All values +. 
b Range is not inclusive of higher value. 
© Welded or seamless; also welded with weld area cold worked 
4 Some producers state 0.005 in. here. 
¢ 12.5% if wall thickness is over 0.203 in. 


Temper and finish. Tubing of most materials is fur- 
nished in a number of different conditions or tem- 
pers to meet specific forming or service require- 
ments. It is also normally available in at least one 
or two standard finishes. The finishes depend upon 
the material and methods of manufacture. Where 
required, any one of a variety of special finishes 
can be had on order. For example, tubing can be 
obtained with a special inside surface, a special out- 
side surface, or both. For applications such as plated 
parts, or parts requiring exceptionally smooth, uni- 
form surfaces, the tubing can be furnished ground 
and polished. 


Design Factors 


Shape. By proper design of the part and careful 
selection of the shape and size of the tubing, ma- 
chining and other shaping operations can be cut to 
a minimum. The most common shape is the round 
section. Square and rectangular sections are often 
produced as standard shapes in a wide range of 
sizes. The following are some of the special shapes 
that can be produced on order: embossed; fluted 
outside, plain inside; fluted; hexagon; lip; octagon; 
pinion (longitudinal serrations on outside); poly- 
gonal outside, plain inside; reeded; roped; rope- 
fluted; rope-reeded; round outside, polygonal inside; 
and twisted. 


Cost. Tubing may cost more than bar stock, but 
savings in processing often offset additional mate- 
rials cost. Thus, drilling operations can be elimi- 
nated, and drills replaced by simple, less expensive 
boring tools. Boring can be done faster than drilling; 
chucking pressures are reduced. There is also less 
tool wear and fewer tool changes. 


Tolerances. Round tubing has three cross-sectional 
dimensions which must be considered in ordering 
and fabricating. They are outside diameter (o.d.), 





ROPE Gee 





DIAMETER TOLERANCES FOR CARBON AND ALLOY STEEL WELDED TUBING: 








Diameter, 


in. 
& 


Wall 
Thickness, 
BWG 


Cold Rolled Carbon Steel 


Standard Tolerancee 


0.D., in. 


1.D., in. 


Close Tolerance4 


0.D., in. 


1.D., in. 


Standard Tolerance* 


0.D., in. 


1.D., in. 


Hot Rolled Carbon Steel 


Close Tolerance® 


0.D., in. 
















yy to % 


% to % 


Vp to ly 


1% to2 


2 to 2% 


22 to 14 
20 to 14 
16 to 14 


14to12..... 
22to14..... 
20 to 11 
16 to 11. 
13 to 11. 
. )) 
20to 9 





20 to 14 
20 to 9 
16 to 14 
16to 9 
13 to 9 
13 to 6 
20 to 18.. 
18to 9. 
16 to 14 
16to 9 
13 to 4 
20to 9 
16 to 14 


3to 4..... 








0.0025 


0.003 


0.003 


0.0035 
0.0035 
0.005 
0.005 


0.006 


0.009 


0.005 


0.009 


0.005 


0.008 


0.006 


0.008 
0.007 
0.009 
0.012 


0.010 


0.012 





0.015 


0.002 


0.0025 


0.0025 


0.005 





4to5 





0.020 
0.015 


0.020 
0.018 


0.005 


0.0025 


0.0025 


0.005 


0.0035 : 
0.005 
0.005 
0.006 


0.006 


0.012‘ 


0.010 


0.015 


0.012 


0.016 


0.012 


0.016 
0.015 
0.020 













































* Round tubing. 


All values are +. 


> Range is not inclusive of lower value. 
© Flash controlled to 0.005-in. max. 


inside diameter (i.d.), and wall thickness or gage. 
In seamless and drawn welded tubing each of the 
dimensions may vary independently; therefore it is 


4 Mandrel flash removed. 
e Without mandrel. 


Same values hold for cold rolled clcse tolerance without mandrel. 
f Diameter range for this tolerance is actually 3 to 1\% in. 


important to have a knowledge of the tolerances to 
which the tubing is manufactured. This information 
can be found in the accompanying tables. 
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continued 






Forms and Shapes of Materials 


Mechanical Tubing—concluded 


WALL THICKNESS TOLERANCES FOR 


CARBON AND ALLOY STEEL WELDED TUBING: 









Wall Thickness 










Wall Thickness Tolerance, in.» 






































BWG In. Cold Rolled Hot Rolled 
22 | 0.028 +0.000,—0.003 | 
20 | 0.035 +0.000,—0.004 | _ 
18 | 0.049 +0.000, | 
—0.004 to —0.005 | 
16 | 0.065 +0.000 to +0.002, +0.002, 
—0.004 to—0.007 | —0.006 to —0.010 
14 | 0.083... +0.000 to +0.002, | +0.002 to +0.003, 
—0.004 to—0.007 | —0.006 to —0.012 
13 | 0.095......... +0.000 to-+0.002, | +0.002 to +-0.003, 
—0.004 to—0.007 | —0.006 to —0.012 
a hO0........<. +0.000 to +0.003, | +0.002 to +0.005, 
—0.006 to —0.009 | —0.006 to —0.012 
11 | 0.120 +0.000 to +0.003, | +0.002 to +0.005, 
—0.006 to—0.009 | —0,008 to —0.012 
10 | 0.134 +0.000 to +0.003, | +0.002 to +0.005, 
—0.006 to —0.009 | —0.008 to —0.012 
9 | 0.148 +0.000 to-+0.003, | +0.002 to +-0.005, 
—0.006 to—0.009 | —0.008 to —0.012 
8 |0.165......... +0.000 to +0.003, | +0.002 to +0.005, 
—0.007 to—0.010 | —0,008 to —0.012 
a A eee +0.002 to +0.005, 
| —0.008 to —0.012 
2 eee - | +0.002 to +0.005, 
| —0.010 to —0.013 
a ee — +0.002 to +0.005, 
| —0.010 to —0.013 
+): oo ~ | +0.002 to +0.006, 
| —0.010 to —0.018 
— | 0.250 - +0.006 to —0.018 












* Round tubing. 
b Ranges are given because tolerance varies with o.d 


TOLERANCES FOR CARBON AND 
ALLOY STEEL SEAMLESS TUBING: ' 





Diameter, Finish Annealed 


in.¢ 
a 


0.D. Tol, in. | 1.D. Tol, in. 


Soft Annealed 


| 0.D. Tol, in. | 1.D. Tol, in. 





¥6to%.....1+0.004¢ 


% toly....| +0.0054-«: 


1% to 3%...1+0.0104:e: 


3to5%.....}+-0.0154: # 


5% to8.....|+0.030'« 
+0.020" 
+0.0304 


8 to 10%... .}+0.045'« 
+0.035 
+0.0454:i 


| +0.006, 


| 
| 


| —0,005¢-.£ | 
t | —0.0104-«.4 | 


| +0.005,:! 

/—0.015 

| +0.035 « 

| 0.025% 

| +0.015,4 

'—0.030 | 

(40.0508 | 
+0.040% 

| +0.015,2: 5 

| —0.040 


| —0.002 


+0.008,4°:] +.0.002,4+«. 
—0.002 | —0.008 
+-0.015,4:¢ | +0.005,4-«. 


/—0.005 | —0.015 
+0.023,2:f | +0.015,4: 
| —0.007 ~0.025 
0.060% | +0.070'« 
40.040 | +0.050" 


+0.045,2-) | +0.037,4: 


—0.015 | —0.053 








* Applies to round cold finished tubing. 
10% except 15% for %& to % in. dia. 


b O.d. tolerances for hot finished tubing: 


Wall thickness tolerance is 


+0.023 for dia up to 3% in 


+0.031 for 3 to 5% in.; +0.047 for 5% to 10% in. Wall thickness 


tolerances for hot finished tubing: 


than 0.109 in.; +15% 


wall thickness. 


+16.5% for wall thickness less 


for 0.110 to 0.172 in.; +14% for 0.173 to 
0.203 in.; 12.5% for thicker walls. 

¢ Below 8 in., ranges are not inclusive of higher figure. 

4 For tubes which cannot be successfully drawn over a mandrel [often 
true of those with: 1) id. <50% of o.d., 2) wall >25% of o.d., 
3) wall >1% in. thk, 4) weight >90 lb per ft], id. tolerance is 
+10% of the wall thickness and wall thickness tolerance is 12%. 

e For certain other tubes which are not commonly drawn over a 
mandrel (specifically, those with id. <% in., or with id. < % in 
when wall thickness >20% of o.d.), the wall thickness tolerance is 
15% and the i.d. is governed by the standard tolerances for o.d. and 


f Tubes with wall < 3% of o.d. cannot be straightened properly without 
distortion and require an additional ovality tolerance of +%% tor 


the o.d. and i.d. 


© When wall <5% of o.d. bh When 5% 
a When wall >7.5% of o.d. 


TOLERANCES FOR STAINLESS STEEL TUBING* 


of o d. < wall . 7 5% of o.d 












Diameter, in.» 


Seamless 0.D. Tol, in. 


Diameter Tolerances* 


Welded 





Wall Thk, in. 


Wall Thk Tol 
for Welded 
Tubing, in.4-° 














Up to %>.. 
¥x2 to He 

He to % 

¥%tol..... 
1toly.... 
1% to2.. 
2to2% ... 
2% to3% . 


iad 0.005 
see 0.005 
pikes ni 0.005 
aikaa 0.005 
Paws 0.005 
PAs nas 0.010 
eee 0.010 
ey 0.010 
bee vors's Sisters 0.015 
vaults 0.015 


Shee Se ee, CeO 0.030 
Lh reas chadnaied mies 0.045 





| 


0.D. Tol, in. 1.D. Tol, in. 
0.001 0.001 
0.0015 0.0015 
0.003 0.005 
0.004 0.006 
0.005 0.007 
0.006 0.008 
0.007 0.010 
0.010 0.014 
0.015 0.020 





O.025...... 
0.032... 
0.035. . 
OGee..... 
0.049..... 
0.058..... 


0.065....... avrgs 


Ld 3 96: 
0.083..... 
ee 


a 


0.002-0.003 
0.003-0.004 
0.003-0.005 
0.003-0.005 
0.003-0.005 
0.004-0.006 
0.005-0.006 
0.005-0.007 
0.005-0.007 
0.005--0.007 
0.005-0.007 
0.005-0.007 
1.097-1.008 

















* Round tubing; annealed or as cold finished. All values are +. 
© Tolerances are general and subject to limitations by D/t ratio. 
4 Tolerance for seamless is +10%; 15% when o.d. < % in. 
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bRanges are not inclusive of upper values. 


Ovality tolerance is generally double the o.d. tolerance. 
e Ranges are given because tolerance varies with o.d. 





TOLERANCES FOR NICKEL AND 
NICKEL ALLOY SEAMLESS TUBING: 





Wall Thk 
Tol, % 


Monel, A Nickel, Low Carbon Nickel 


Dia, in. Dia Tol, in.»-¢ | 











Upto %.....} +0.005 12.5 

%101%.... 0.005 10 

14 to4%... 0.010 10 

4% to6.... 0.015 12.5 

6 to 7% 0.020 12.5 

1% to 8% 0.025 12.5 

Inconel, Inconel X, K Monel, Incoloy 

Upto%.. 0.005 15 

% tol 0.0075 | 10 

1% to 3% 0.010 10 

3% to 4% 0.015 | 10 

4Y, to 6 0.020 12.5 

6 to 6% 0.025 12.5 

*Round cold drawn. All _ tolerances + 
except where otherwise indicated. Tol- 
erances given here are applicable only 


to two dimensions at a time. Diameter 
ranges are not inclusive of lower values 

>’ The following applies only to tubes which 
cannot be successfully drawn over a mandrel: 
1) If id. <50% of o.d., the i.d. tolerance is 
+10% of the wall thickness and the wall 
thickness tolerance is 124% for alloys in top 
part of table, 15% for others; 2) ifi.d. < % in., 
the i.d. will be governed by standard toler- 
ances for o.d. and wall thickness. 

© Tubes with wall <3% of od. cannot be 
straightened properly without distortion and 
require an additional ovality tolerance of 
+% for the o.d. andid. Tubes furnished 
in soft annealed temper may possess ovality 
because of warpage during annealing or 
straightening and will not have tolerances as 
close as table indicates. 


TOLERANCES FOR 
SMALL DIAMETER TUBING: 








Dia, in.» 0.D. Tol, in. 1.D. Tol, in. 
Up to%.... +0.002 —0.002 
Yo toH%s..... +0.003 | —0.003 
Vis to¥%w..... +0.004 | —0,.004 
%toly.... +0.005 —0.005 








* Wall thickness tolerance is +10%. These tol- 
erances are general; suppliers specializing in 
particular materials or sizes often hold closer 
tolerances for standard tubing. 

> Range is not inclusive of higher value. 





TOLERANCES FOR COPPER AND COPPER ALLOY SEAMLESS TUBE: 





Mean Diameter 
Tolerances, in.» 


Wall Thickness 
Tolerances, in.¢ 











Dia, in.¢ Wall Thickness, in. 
4 Nonre- a‘ Nonre- 
fractory | Refractory fractory Refractory 
Up to ¥% 0.002 0.0025! | Up to 0.018... 0.001 -0.002 | 0.0015-0.0025 
’%yio% 0.002 0.0025 } 0.018 to 0.025.....} 0.002 -0.003 | 0.0025-0.004 
%to 1 0.0025 0.003 0.025 to 0.035 0.0025-0.004 | 0.003 -0.005 
1@ Z... 0.003 0.004 0.035 to 0.058... . .| 0.003 -0.007 | 0.004 -0.009 
2to 3 0.004 0.005 0.058 to 0.083.... .} 0.0035-0.010 | 0.0045-0.013 
3to 4 0.005 0.006 0.083 to 0.120.....| 0.004 -0.011 | 0.005 -0.014 
6m 3... 0.006 0.008 0.120 to 0.165.....} 0.005 -0.012 | 0.007 -0.015 
5to 6... 0.007 0.009 0.165 to 0.220. 0.007 -0.014 | 0.009 -0.018 
6to 8 0.008 0.010 0.220 to 0.284.....| 0.009 -0.016 | 0.012 -0.020 
SO Hi..c. 0.010 0.013 0.284 to 0.380.....} 0.011 -0.018 | 0.015 -0.023 
0.380 and over.... 5-6% 6-8% 








* Round tubing. 


All values are +. 


b Tolerances apply to i.d. or o.d. except where otherwise indicated. 
¢ Maximum deviation at any point; range indicates variation with o.d 


4 Ranges are not inclusive of lower values. 


f O.d. only; value for i.d. is 0.003 in 


e Ranges are not inclusive of upper values. 


7 


TOLERANCES FOR EXTRUDED AND DRAWN ALUMINUM TUBING: 





Diameter, in.» 


Diameter Tol, in. 


Wall Thk, in. 


Wall Thk Tol, in.© 

















+ | + | 
Drawn | Extruded ‘ Drawn | Extruded 
Upto%......) 0.003 | — | Uptoo.o4a7....... wa | 0.006 
% to 1... 0.004 | 0.010 | 0.010 to 0.035.. 0.002 ie 
lto 2 0.005 | 0.012 | 0.036 to 0.049. 0.003 é 
2to 3... 0.006 | 0.015 | 0.047 to 0.061. . ns 0.007-0.010 
3to 4 0.008 | 0.015 | 0.062 to 0.077.. ; 0.008-0.012 
4to 5. 0.008 | 0.025 | 0.050 to 0.083. 0.004 a 
5to 6 0.010 | 0.025 | 0.078 to 0.124. a 0.009-0.015 
6to 8. 0.015 | 0.035 | 0.084 to 0.120. 0.005 ‘ 
8 to 10.. 0.020 | 0.045 |} 0.121 to 0.203 0.006 
10to12.......) 0.025 | 0.055 | 0:125 to 0.249... - 0.009-0.020 
12to 12.875...) - 0.065 |} 0.204 to 0.300. . 0.008 a 
0.250 to 0.374... = 0.011-0.025 
0.301 to 0.375... 0.015 | . 
0.375 to 0.499... sa | 0.015-0.035 
0.376 to 0.500... . 0.020 “ 
0.500 to 2.000. . - 0.020-0.075 





* Round tubing. 


All values are +. 


b Range is inclusive of upper value for drawn tubing, lower for extruded. 
¢ Allowable deviation of mean from specified wall thickness. 


TOLERANCES FOR EXTRUDED MAGNESIUM TUBING: 





Mean Dia 
Tol, in. 3 


Dia, in.» 


Wall Thickness, 


in.> 


Mean Wall Thk Tolerance, in. 


0.D. to 2.99 | 0.D. 3.00-4.99 | 0.D. >5.00 





Upto’%..... 0.008 | Up to 0.062... 
5 0.010 } 0.063 to 0.124... 
| fay 0.012 | 0.125 10 0.249. . 
(ek ae 0.015 | 0.250 to 0.374. . 
4io 6......0.025 | 0.375 to 0.499... 
YY Se 0.035 | 0.500 to 0.749. . 
8tol0...... 0.045 § 0.750 to 0.999. . 
19 to 12..... .0.055 | 1.000 to 1.499 . 





0.007 
0.008 
0.009 
0.011 
0.015 
0.020 





| 0.008 
0.010 
0.013 
0.016 

0.021 

0.028 

| 0.035 

0.945 


| 0.010 
/ 0.015 
' 0,020 
/ 0,025 
0.035 
| 0.045 
| 0.055 
| 0.065 





® Round. 


All values are +. 







b Ranges are not inclusive of higher values. 
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capillary | platinum clad metals 
tubing wir . 


Build Quality 


in Your Line S- 
; Ss 
WI t} Y glass-to-metal thermocouple 
sealing wire 
8 i Ss Hi re) =) alloys 
emer Fi te 
AND 


S 
a We ee © & 


Fe pe @ | dD uU og gy Ss tubular composite platinum 


fabricated wires contacts, 
parts discs 








Quality begets quality —it’s an established axiom that premium products 
must begin with quality components. BisHop has been producing platinum 

















and precious metal products since 1842 . . . precision stainless steel tubing 
since 1931. The BisHop family of metal products includes a broad variety 
of components for the designer, engineer . . . just to mention a few: 


Capillary Tubing—stainless grades, standard sizes up to .130” OD 
Platinum & Platinum Alloy Wire—#50 to #3 B&S Gauge 

Clad Metals—base and precious metals in various combinations 
Glass-To-Metal Sealing Alloys—low expansion alloys 

Thermocouple Wire—noble metal and noble metal alloys 








eae ~~ Tubing—nickel, stainless, platinum, special alloys up to 1” OD 
ff: “Metals for Precision Tubular Fabricated Parts—all varieties—conventional forming operations 
\ and Performance” J Composite Wires—base and precious metals in various combinations - 
Ma rg Platinum Contacts, Discs, Laboratory Apparatus ; 
CATALOGS, DATA SHEETS SENT PROMPTLY ON REQUEST 
Begin your next design with unexcelled quality Bishop component 
materials. Write, wire or phone Malvern 3100. 
a oaaie ESOT NREL TL ARNT Ns Th ET: 











J. BISHOP & CO. {« 


platinum works 
MALVERN, PENNSYLVANIA 














For more information, turn to Reader Service card, circle No. 503 
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How 4. 


Frasse 
tubes 






PUT LEO" TO SLEEP 


This newly developed “‘Cap-Chur” gun 
fires a dart-like, self injecting syringe 
with precise accuracy ...has an effective 
range of 50 yards. The syringe travels at 
1200 feet per minute—injects its immo- 
bilizing solution 5 seconds after firing... 
puts an animal to sleep in approximately 
90 seconds. 

Four types of tubing are used in this 
modern “blow gun’. The barrel is a seam- 
less steel tube...the compression cham- 
ber is a welded steel tube...the syringe 
is an aluminum tube...and the needle is 


Courtesy: 
Crosman Arms Co., Inc. 


a stainless steel tube. Yet, despite this 
mixed requirement, all four types are 
furnished by Frasse—with never a deliv- 
ery delay or rejection since production 
began. 


So, if you use tubing in your product 
— want trouble-free quality in a hurry... 
it will pay to make Frasse your source 
for tubing. Complete Frasse tubing 
stocks enable you to select the type and 
size best suited to your needs...and 
Frasse tubing specialists are always 
available to assist you with any problem 
involving a tubular product. 

















Seamless and Welded Mechanical Tubing 
Pressure and Hydraulic Tubes 
Centrifugally Spun Tubing 

Stainless Tubing, Seamless and Welded 
Stainless Pipe, Valves and Fittings 


PVC Plastic Pipe, Valves and Fittings 

















AMERICAN STEEL 





of 











Peter A. 





Frasse 

















Ww 


WAREHOUSE ASS'N. 
YOUR STEEL 





& Co., Ine. 




















SERVICE CENTER 











Aluminum Tubing, Holobar, Pipe and Fittings 











NEW YORK 13, N.Y. 
17 Grand St. 
WaAlker 5-2200 





PHILADELPHIA 29, PA. 
3911 Wissahickon Ave. 
BAldwin 9-9900 BEdford 4700 


LYNDHURST, N. J. ° ROCHESTER, N.Y. 
For more information, turn to Reader Service card, circle Ne. 608 
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BUFFALO 7, N. Y. 
P.O. Box K, Sta. B 


SYRACUSE 1, N.Y. 
P.O. Box 1267 
HOward 3-8655 


HARTFORD 1, CONN. 
P. O. Box 1949 
JAckson 9-6861 
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continued from p 292 


SUPPLIERS’ 


Permanent Mold Castings. Eaton Mfg. Co., 
Foundry Div., 18 pp, illus. Describes Eaton 
permanent mold process for producing 
gray iron castings. 304 
Formed Tubes. Formed Tubes, Inc., 16 pp, 
illus. Describes company’s facilities for 
manufacturing tubing of various metals 
and alloys. 305 


Pearlitic Malleable Castings. Central 
Foundry Div., General Motors Corp., 11 
pp, illus. Provides engineering data on 


Armasteel castings, plus machining infor- 
mation. 306 
Ceramic Parts. Centralab Div., Globe- 
Union Inc., 16 pp, illus. Properties and uses 
of alumina and other ceramic materials. 
Information on metallizing ceramics. 307 


Metal Powder Parts. Supermet Div., Globe 
Industries, Inc., 8 pp, illus. Design infor- 
mation on Supermet metal powder pro- 
cess. 308 


Zinc Die Castings. Gries Reproducer Corp., 
8 pp, illus. Design information and phy- 
sical data on zinc alloys for die castings. 

309 


Copper and Brass Tubing. H & H Tube & 
Mfg. Co. Describes a complete line of cop- 
per and brass tubing. 310 


Metal Stampings. HPL Mfg. Co., 12 pp. 
Information on a stamping service that 
supplies small lots of stampings made of 
steel, aluminum, bronze, copper, brass, 
nickel silver and plastics. 311 


Perforated Metal Sheets. Harrington & 
King Perforating Co., Inc., 6 pp, illus. 
Sizes, gages and materials of perforated 
metal sheets carried in stock. 312 


Nonferrous Mill Products. Harvey Alumi- 
num Sales, Inc., 12 pp, illus. Design data, 
properties and tolerances of extrusions 
and forgings made of aluminum, titanium 
and other nonferrous metals. 313 


Structural Honeycomb. Hexcel Products 
Co., 32 pp, illus., No. C. Technical data 
on aluminum glass fabric, stainless steel 
and cotton fabric honeycomb core for 
sandwich construction. 314 


Die Castings. Hoover Co., Die Casting 
Div., 12 pp, illus. Chemical composition, 
design information and physical properties 
of aluminum and zinc-base die castings. 
Shows how die castings are made. 315 


LITERATURE 


(mums FOrms and Shapes of Materials 


Drawn Metal Parts. Hudson Tool & Die 
Co. Inc., 4 pp, illus. Information on drawn 
metal products available in aluminum, 
brass, copper, steel and stainless steel. 316 


Beryllium Copper Parts. Instrument Spe- 
cialties Co., Inc., 20 pp, illus., No. 10. 
Design information, properties and uses 
of beryllium copper springs, rings, strips 
and screw machine products. 317 


Plastics Parts. Insulation Mfg. Co., 8 pp, 
illus. Shows custom molded parts of ther- 
mosetting plastics, such as_ electrical 
switchgear components, instrument hous- 
ings and electronic and radio es 


Aiuminum Wire. Kaiser Aluminum & 
Chemical Sales, Inc., 6 pp, illus. Mechani- 
cal and physical properties, availability 
and sizes of aluminum wire. 319 
Metal Powder Parts. Keystone Carbon Co., 
6 pp. Describes metal powder products and 
production facilities. 320 


Steel Wire. Keystone Steel & Wire Co., 
12 pp, illus., No. la Ke. Illustrates various 
kinds of steel wire and discusses cold 
heading. 321 
Laminated Shims. Laminated Shim Co., 
Inc., 8 pp, illus. Outlines types and uses 
of laminated shims made of brass, steel, 
aluminum and stainless steel. 322 


Pressed Parts. Lenape Hydraulic Pressing 
& Forging Co. Catalog shows numerous 
parts press formed by this company. 323 


Reinforced Plastics Parts. G. B. Lewis Co., 
8 pp, illus. Shows typical fiberglass-poly- 
ester household and industrial products 
made by the company. Information on de- 
signing and molding of fiberglass-polyester 
products. 324 


Welded Assemblies. R. C. Mahon Co., 1 p, 
illus. Shows the use of welding in the con- 
struction of various assemblies. 325 


Malleable Iron Castings. Malleable Foun- 
ders’ Society, 8 pp, illus. Design consider- 
ations, machinability, and impact and 
corrosion resistance of standard and pear- 
litic malleable iron castings. 326 
Rubber Parts. Mechanical Rubber Prod- 
ucts Co., 6 pp, illus. Information on 
molded rubber products, sponge rubber 
parts, gaskets and silicone rubber parts. 

327 


366 * MATERIALS IN DESIGN ENGINEERING 


Former! 


Materials & Methods 








Alloy Castings. Meehanite Metal Corp., 
4 pp., illus., No. 7. Use of various heat. 
wear and corrosion resistant steel cast- 


ings as dies, centrifugal blower parts and 
farm machinery parts. 328 
Die Castings. Monarch Aluminum Mfg. Co., 
illus. Information on the mass production 
of aluminum permanent mold castings and 
aluminum and zinc die castings. 329 
Carbon Parts. Morganite, Inc., 12 pp, illus. 
Chemical and physical properties and sizes 
of carbon parts. 330 


Nonferrous Forgings. Mueller Brass Co., 


33 pp, illus. Chemical, mechanical and 
physical properties of brass, bronze and 
aluminum forging alloys. 331 


Malleable Iron Castings. National Malleable 
Steel Castings Co., 8 pp, illus. Chemical 
composition, physical properties, and ma- 
chinability for pearlitic malleable iron and 
steel castings. 332 
Jacketed Steel Wire. Wagner Litho Ma- 
chinery Div., National-Standard Co., 8 pp, 
illus., No. K-10. Uses, tensile strength and 
heat resistance of nickel and brass-coated 
steel wire. 333 


Zinc Die Castings. New Jersey Zinc Co., 
8 pp, illus., No. 1. Case histories show 
how zinc die castings cut manufacturing 
cost of portable TV sets, automotive mir- 
rors, flexible couplings and automobile 
carburetors. 334 
Precious Metal Parts. J. M. Ney Co., 74 
pp, illus. Information on small parts made 
of various precious metals. Properties and 
uses of various precious metal alloys in- 
cluding silver, palladium and gold. 335 


Screw Machine Products. Norrich Screw 
Machine Products Co., Div. of Norrich 
Plastics Corp., 4 pp, illus. Information on 
metal and plastics screw machine pro- 
ducts including electronic parts, washers, 
aircraft parts and fasteners. 


Clad Tubing. Nuclear Metals, Inc., 6 pp, 
No. 10. Describes co-extrusion of two or 
more materials, such as copper, aluminum, 
beryllium or thorium with stainless steel, 
nickel, chromium, titanium, platinum or 
aluminum, through a die at high temper- 
atures. 337 
Carbon Parts. Ohio Carbon Co., 4 pp, illus. 
Thermal, mechanical and electromechani- 
cal properties of carbon parts. 338 
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SUPPLIERS’ 


Rubber Products. Paeco Rubber Co., 12 pp, 
illus. Facilities for producing custom-made 
molded and extruded rubber products. 339 
Die Castings. Parker White Metal Co. En- 
gineering data on die castings. 340 
Nylon Parts. Pipco International Corp., 20 
pp, illus., No. 501. Color, sizes and prices 
of nylon, polyethylene and butyrate bear- 
ings, gears, closures and spacers. 341 
Stee! Wire. Pittsburgh Steel Co., 120 pp, 
illus. Sizes, tensile strength and chemical 
composition of approximately 100 types of 
steel wire. 342 


Aluminum Extrusions. Precision Extrusions, 


Inc., 12 pp, illus., No. 5702. Information 
on aluminum extrusions. Properties and 
uses of extruded aluminum alloys are 
given. 343 
Saran Pipe, Rod. Pyramid Plastics, Inc., 
8 pp, illus., No. SPP-557. Physical and 
electrical properties, and chemical resis- 


tance of Saran. Sizes, weights and prices 
of Saran rigid pipe and pipe fittings. 344 
Copper Extrusions. Revere Copper & Brass 
Inc., 4 pp, illus. Design and cost advan- 
tages of extruded copper and brass shapes. 
Information on machining, joining and 
finishing extruded shapes. 345 


Forgings, Bolts. Rhode Island Tool Co., 26 


pp, illus., No. 75. Dimensions, properties, 
prices and uses of drop and upset forg- 
ings, and bolts and nuts. 346 


Metal Stampings. Rockwell-Standard Corp., 
Stamping Div., 8 pp, illus. Facilities for 
producing large, small, light and heavy 
stampings in any metal or alloy. 347 


For free 


LITERATURE 


(gues Forms and Shapes of Materials 


Metal Stampings. Dayton Rogers Mfg. Co., 


23 pp, illus. Describes a small lot metal 
stamping service ‘‘with lowest possible 
die costs.”’ 348 


Roll Formed Shapes. Roll Formed Products 
Co., 26 pp, illus. Information on roll 
formed shapes produced from both ferrous 
and nonferrous metals. 349 
Steel Tubing. Joseph T. Ryerson & Son, 
Inc., 4 pp, No. 12-10. Uses, sizes, welda- 
bility, relative cost and machinability of 
seamless mechanical, welded mechanical, 
and structural steel tubing. 350 


Zine Die Castings. St. Joseph Lead Co., 
25 pp, illus. Discusses role of zinc as a 
base metal for die casting alloys and lists 
commercial finishes for zinc-base die cast- 
ings. 351 
Centrifugal Castings. Sandusky Foundry 
& Machine Co., 12 pp, illus. Specifications, 
chemical composition and physical proper- 
ties of ferrous and nonferrous metals used 
in the company’s centrifugal castings. 352 


Nonferrous Castings. Shenango Furnace 
Co., Centrifugally Cast Products Div., 4 pp, 
illus., No. 154. Chemical analysis and phys- 
ical properties of tin bronzes, brass, silicon 
bronzes and special alloys for use as cen- 


trifugal castings. 353 
Welded Tubing. Standard Tube Co., 8 pp, 
illus. Describes stainless steel pipe and 


tubing; mechanical steel tubing; and boiler, 
condenser and other pressure tubing. 354 
Titanium Tubing. Superior Tube Co., 8 pp, 
illus.. No. 44. Chemical composition and 
mechanical and physical properties for ti- 


tanium tubing. Information on flaring, 
machining, heat treating and brazing. 355 
Steel Castings. Unitcast Corp., illus, No. 
649A. Discusses testing facilities for in- 


suring high quality production of steel 
castings. 356 
Metal Powder Parts. U. S. Graphite Co., 


Div. of Wickes Corp., illus., No. 21. Prop- 
erties, uses and dimensions of Gramix 
metal powder parts. 357 


Cold Formed Parts. Van Huffel Tube Corp., 


48 pp, illus. Information on cold formed 
metal parts. 358 
Stainless Steel Castings. Waukesha 


Foundry Co., Castings Div., 8 pp, illus., No. 
SS. Physical properties and uses of mar- 
tensitic, ferritic and austenitic stainless 
steel castings. 359 


Synthetic Rubber Products. Western Felt 
Works, Acadia Synthetic Products Div., 6 
pp, illus. Shows various types of molded, 
extruded, die cut and lathe cut synthetic 
rubber parts and sheets. 360 


Shell Molded Castings. Westinghouse Elec- 
tric Corp., Materials Mfg. Dept., 8 pp, 
illus., No. 52-520. Gives an _ illustrated, 
step-by-step description of the shell mold 
casting process. 361 
Light Metal Forgings. Wyman-Gordon 
Products Corp., 4 pp, illus. Forgings of 
magnesium and 7075 aluminum. 362 
Gray Iron Castings. Zenith Foundry Co., 
20 pp, illus. Shows how quality control 
is used in the production of gray and 
alloy iron. Includes physical properties of 
gray and alloy irons. 363 


To get literature, use free post card on opposite page 


information 


use one of the postage-free cards on the opposite page. 


This issue contains six such cards—enough to help you 
throughout the year. For the other cards, see pp 405 


and 479. 


Suppliers’ literature available is listed on eight other 
pages in.this issue: 30, 82, 140, 226, 256, 292, 366 and 


870. 
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SUPPLIERS’ 


Welding, Brazing Alloys. Air Reduction 
Sales Co., 48 pp, illus., No. 9-13. Infor- 
mation on ferrous and nonferrous welding 
rods, brazing fluxes and brazing alloys. 

372 


Solders for Semiconductors. Alpha Metals, 
Inc., 4 pp, illus. Sizes, operating data and 
properties for a series of lead, tin, indium 
and aluminum alloy solders for automatic 
soldering of semiconductors. 373 


Sealing Compounds. Presstite-Keystone En- 
gineering Products Div., American Marietta 

Pictures and captions show sealing 
compound applications in the automotive 
and refrigerator industries. 375 


Bronze Electrodes. Ampco Metal, Inc., illus. 
Properties and uses of aluminum bronze 
electrodes and filler rods. 376 


Nylon Fasteners. Anti-Corrosive Metal 
Products Co., Inc., 4 pp., illus. Elasticity 
and resiliency, insulation characteristics, 
and heat and solvent resistance of nylon 
fasteners. 377 


Epoxy Adhesive. Carl H. Biggs Co., Inc., 
4 pp. Physical and chemical properties and 
uses of a thermosetting epoxy resin ad- 
hesive that cures at room temperature. 
379 
Fasteners. Boots Aircraft Nut Corp., 6 pp, 
illus. Information on threaded inserts for 
sheet metal assembly and other uses. 380 


Adhesives Specs. Borden Chemical Co., Div. 
of Borden Co., 10 pp. Adhesives coatings, 
sealers and vinyl tubing complying with 
U. 8S. Government specifications. 381 
Cementable Teflon. Continental-Diamond 
Fibre Corp., Div. of Budd Co., Inc., 4 pp. 
Physical and chemical properties, thick- 
nesses, bonding techniques and uses for 
glass-supported, unsupported and metal- 
clad cementable Teflon tapes and sheets. 

382 


Special Fasteners. Buffalo Bolt Co., Div. 
of Buffalo-Eclipse Corp., 16 pp, illus. De- 
scribes and illustrates over 100 special 
fasteners including hex head bolts, weld 
bolts and tapping screws. 383 


Fasteners. Camloc Fastener Corp., 4 pp, 
illus., No. 57. Installation data, uses and 
dimensions of a fastener that opens and 
closes in one-quarter turn. 384 


iron Powder Electrodes. Champion Rivet 
Co., 8 pp., illus. Mechanical properties and 
deposition rate of four iron powder elec- 
trodes for rutile, low hydrogen, rutile fillet 
and low hydrogen arc welding. 386 


Rivet Setter. Chicago Rivet and Machine 
Co., 6 pp, illus. Dimensional data and 
features of a machine that sets two rivets 
at a time. 387 


Cap Screws. Cleveland Cap Screw Co., 4 
pp, illus. Describes cap screws made of 
heat treated alloy steel in sizes from 4 
to 1% in, 388 


Lock Fasteners. Continental Screw Co., 4 
pp, illus. Installation data for various sizes 
and shapes of Nylok self-locking screws 
and bolts. 389 
Adhesives. Cordo Chemical Corp., 24 pp. 
Properties, uses, application data and 
prices of adhesives used to bond metals, 
Plastics, wood, glass, paper, cloth and 
leather. 390 


Grooved Fasteners. Driv-Lok Pin Co., 24 
pp, illus. General specifications of grooved 
fasteners, as well as drilling procedures 
and hole tolerances for pin ccumentens. 


Self-Locking Nut, Elastic Stop Nut Corp. of 
America, 6 pp, illus. Where and how to 
use Esna Elastic stop nuts, which are 
locked on the bolt by the gripping action 
of the collar. 393 


Screws. Elco Tool & Screw Corp., 4 pp, 
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illus. Information on screws, bolts, threaded 
and cold headed products. 

Silver Brazing. American Platinum & Sil- 
ver Div., Engelhard Industries, Inc., 16 
Ppp. Manual on selective fluxing for low 
temperature silver brazing. 395 
Adhesives. Furane Plastics, Inc., 1 Pp. 
Briefly describes a family of adhesives for 
bonding metals, plastics, rubber and ce- 
ramics. 398 


Structural Adhesives. General Mills, Chem- 
ical Div., 10 pp, illus., No. 11-F-1. Prop- 
erties, uses, availability and handling 
information on structural adhesives and 
sealants based on polyamide resins. 399 


Fasteners. General Tire & Rubber Co., 
illus. Self-mounting fasteners for shock- 
mounting metal, plastics and glass panes 
and components. 400 
Stud Welding. Gregory Industries, Inc., 
Nelson Stud Welding Div., 24 pp, illus. Dis- 
cusses stud welding and gives physical 
properties of various types of studs. 401 
Die Cast Nuts. Gries Reproducer Corp., 3 
pp. Standard specifications covering all 
types of zinc die cast threaded eer 


Lock Weld and Clinch Nuts. Grip Nut Co., 
12 pp, illus. Specifications and applications 
for lock, weld and clinch nuts. 403 
inserts. Groov-Pin Corp. Self-tapping in- 
sert used as original equipment and for 
salvage and repair of stripped threads. 
4 


Silver Alloy Brazing. Handy & Harman, 4 
pp, illus., No. 78. Case histories on silver 
alloy brazing of small parts used in mis- 
siles, automatic bowling pin devices and 
power tools. 405 
Arc Welders. Harnischfeger Corp., 4 pp, 
illus.. No. W99-1. Describes a.c.-d.c. arc 
welders that are suitable for metallic arc, 
Heliarc, sigma and spot gun welding. 


Corrosion Resistant Fasteners. H. M. 
Harper Co., 84 pp, illus. Sizes and prices 
for brass, bronze, copper, nickel, monel, 
stainless steel and aluminum bolts, nuts, 
screws, washers and rivets. 407 


Cold Headed Fasteners. John Hassall, Inc., 
4 pp, illus. Lists possibilities and limita- 
tions of cold heading as a high speed, low 
cost production method for rivets, screws 
and threaded parts. 408 


Blind Rivets. Huck Mfg. Co., 16 pp, illus. 
Gives dimensional data and specifications 
for a line of blind rivets. Charts give 
Air Force, Navy, and Army Ordnance 
part numbers. 410 
Adhesives, Angler Adhesives Div., Inter- 
chemical Corp., 8 pp, illus. Lists colors, 
bases, solvents and applications for the 
company’s line of cements and a 


Electrical Tapes. Kendall Co., Polyken 
Sales Div., 4 pp, No. P6-1. Polyethylene, 
vinyl, plastics-coated cloth and cloth tapes 
for electrical applications. 412 


Welding Electrodes. Lincoln Electric Co., 
12 pp, illus., No. 7000.1. Physical proper- 
ties, specifications, welding procedures and 
sizes for a series of manual electrodes for 
welding mild, low alloy and high —— 
8 

Carbon Dioxide Welding. Liquid Carbonic 
Corp., Compressed Gas Div., 21 pp, illus. 
Information on metallic arc-gas meer 
welding with carbon dioxide. 

Rivets. Milford Rivet & Machine Co., ~ 
pp, illus. Specifications, applications and 
design tips for a series of cold formed 
rivets furnished in semi-tubular and split 
rivet types. 416 


Specs for Adhesives. Minnesota Mining & 


Mfg. Co., Adhesives, Coatings & Sealers 
Div., 23 pp, illus., No. 8. Military, Army 
and Federal specifications and correspond- 
ing 3M adhesives, coating and sealer that 
meets these specs. 417 
Steel Fasteners. Nut-Shell Co., 53 pp, illus. 
Dimensional data, weight, type of ma- 
terial and finish for self-locking, hex, 
miniature, dome and right angle steel 
nuts. 418 
Weld Fasteners. Ohio Nut & Bolt Co., 40 
pp, illus., No. 58. Dimensions, character- 
istics and uses of nuts, screws and pins 
that are applied by resistance welding. 419 
Tapes. Permacel-Lepage’s, Inc., 4 pp, illus. 
Uses of the company’s line of acetate fiber, 
cloth, Mylar, cellophane, paper and 
electrical tapes. 421 
Pressure Sensitive Adhesive. Pierce & 
Stevens Chemical Corp., 2 pp. Information 
on coverage, storage and handling of a 
pressure sensitive adhesive. 439 
Thermosetting Adhesives. Raybestos-Man- 
hattan, Inc., Adhesives Crpt.. 4 pp, No. 
650A. Uses, shear strengt:: values, heat 
resistance and application data for ther- 
mosetting adhesives. 422 


Film Adhesives. Rubber & Asbestos Corp., 
10 pp. Use of two elastomer-phenolic film 
adhesives for flat-surface bonding of metals 
and plastics. 423 


Screws. Russell, Burdsall & Ward Bolt 
& Nut Co., 8 pp, illus. Advantages and 
specifications of Spin-Lock screws avail- 
able in hex, pan, truss and flat heads. 424 


Set Screws. Set Screw & Mfg. Co., 28 pp, 
illus., No. 21. Information on self-tapping 
and heat treated stainless steel set — 


Self-Locking Fasteners. Simmons Fastener 
Corp., 42 pp, illus., No. 1257. Specifica- 
tions, applications and installation data 
for special self-locking fasteners. 426 


Thermosetting Adhesive. Honeycomb Struc- 
tures Co., Inc. Div., Swedlow Plastic Sales 
Co., 4 pp, illus. Gives typical applications 
and physical properties of Honeyco Bond 
371W, a liquid thermosetting adhesive for 
metal-to-metal bonding and honeycomb 
sandwich construction. 430 


Rivets. Judson L. Thomson Mfg. Co., 44 
pp, illus. Design information, dimensional 
data, uses and advantages of semi-tubular, 
deep-drilled, split, shouldered, precious 
metal and brass rivets. 431 


Welding Titanium. Titanium Metals Corp. 
of America, 32 pp, illus. Do’s and don’t’s 
for successful welding of titanium. 


Lockboits. Townsend Co., 8 pp, illus. In- 
stallation data, dimensions, uses, and de- 
sign data on lockbolts. 433 


Heliarc Welding. Linde Co., Div. of Union 
Carbide Corp., 8 pp, illus. Shows use of 
Heliarc welding in fabricating stainless 
steel exhaust systems, magnesium shell 
racks, lead flashings and stainless steel 
exhaust cones for jet engines. 434 


Sigma Welding. Linde Co., Div. of Union 
Carbide Corp., 8 pp, illus. Sigma welding 
for joining aluminum, magnesium, nickel, 
copper and high temperature alloys. 435 


Brazing Alloy. United Wire & Supply 
Corp., Brazing Alloy Div., 8 pp, illus., No. 
B-80. Composition, specifications, physical 
properties and brazing characteristics of a 
low temperature silver brazing alloy. 436 
Brazing Stainless Steel. Wall Colmonoy 
Corp., Stainless Processing Div., 4 pp, 
illus. Information on brazing and process- 
ing of stainless steel, titanium, aluminum 
and low carbon steel parts. 437 


Nylon Screws. Weckesser Co., 3 pp, illus. 
Properties and uses of black nylon screws 
and nuts. 438 


To get literature, use free post card on p 367, 405 or 479 
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Joinability of Materials’ 


Joining and Fastening of Materials 








Material } 


Arc Welding 


Oxyacetylene Welding 


Resistance Welding 


Brazing 










Cast Iron 


Common by shielded metal 
arc where ductile weld not 
_fequired 


| 3 . 

Rec with cast iron rods; 
braze welding if no corr or 
thermal stress 


| : 
| Seldom; if used, flash weld- 


ing preferred 


Dfclt; easiest for quality- | 


_— 


controlled and Ni-cont types | 










Carbon and Low 
Alloy Steels 





Rec for low carbon and low 
alloy, common for medium, 
dfclt for high; all processes 


Rec with rods of same comp 
for low carbon, low alloy; 
incr C makes more dfclt 


Rec for low carbon and low 
alloy; flash and upset used 
as C incr dfclt 


Rec for low, medium car- 
bon; dfclt for high; seldom 
for heat treated alloy steels 





Stainless Steel 







Rec for 200 and 300 series, 
common for 400 series; all 
processes 


Common for thin gages, 
dfcit for thicker 


Rec for 300 series; 400 
series susceptible to hard- 
ening 


Rec with silver brazing 
alloys 









Aluminum, Magnesium 


Common by inert gas; Al 
slightly easier than Mg 


Common for A] <1 in., Mg 
& M1 alloy; others dfclt 


Common; Mg more dfclt, 
though spot welding used 


Common for Al alloys and 
Mg alloy Ml 





Copper and its 









~ | Common by inert gas; elec- 


Common for most; seldom 


Common by upset or modi- 


Rec for Cu and high Cu 


















































































































Alloys trolytic Cu joints not high | for phosphor and aluminum | fied flash upset methods brasses; ease with bronzes 
str bronzes varies widely 
Nickel and its Rec for Ni, monel, Inconel; | Common for Ni, monel, In- | Rec for most; Inconel X | Rec 
Alloys al! processes | conel dfcit 
et 
Titanium Common by inert gas | No Common by spot and flash | Difficult 
welding 
Lead, Zinc Common for lead by inert | Common Dfclt for zinc, but spot and | No 
gas; no for zinc seam used; no for lead 
Thermoplastics (Heated tool welding.) Rec | (Hot gas welding.) Rec for | (Induction welding.) Com- | No 
for acrylic sheet, common | polyethylene, PVC; com- | mon for polyethylene, acry- 
for most TP sheet mon for othr TP's lic; metal insert remains 
integral 
Thermosets No No No No 
Elastomers No | No : | No ~| No 
Ceramics ‘No : | Seldom No (No 
| 
| | 
Glass Seldom | (Blow torch.) Common No No 
Mee wa ee 
Wood No No No No 
Leather No No No = 
Fabric No No No No 





Dissimilar Metals 







Dfclt; used where melting 
points are within about 
50 °F; galvanic action dan- 


Dfclt; used when melting 
points are within about 
50° F; galvanic action dan- 


Dfclt; special procedures 
because of different ther- 
mal prop.; galvanic action 


Ranges from dfclt to com- 


mon depending on deg of 
dissimilarity 




































ger ger danger 
Metals to No No No No 
Nonmetallics 
Dissimilar (Hot gas welding.) Dfclt; | (Hot gas welding.) Dfclt; | No No 
Nonmetallics used on TP’s of same basic | used on TP’s of same basic 

type type 
Dissimilar Common Common Common Rec 
Thicknesses 
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* Abbreviations used in the table: TP = Thermoplastic. 
with excellent results. Common = Commonly and widely used, though some care may be necessary. Dfclt = Difficult; special precautions, equip- 
ment, etc., necessary. Seldom = Can be done with more or less difficulty, but not common for one reason or another. No = Not used; impossible 
or highly specialized case if ever used. 


TS = Thermosetting. Elast = Elastomeric. 
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Rec = Recommended ; easily accomplished 


— 











Soldering 


| 
(TS, TP, Elast) 


Adhesive Bonding 


Adhesive Bonding 
(modified compounds) 


Threaded 
Fastening 





Riveting and Metal 
Stitching 





| Seldom; graphite and 
high silicon content pre- 
vent bonding ; 
Dfcit for lower carbon; 
| seldom for higher carbon 


| 
| 
| 





| with TP 





| Common with TS, seldom | 
with TP 





Common for 300 series 
with high tin solders; 
dfcit for 400 series 


with TP 





Seldom; special solders 
available 


Rec with TS, common with 


| Common with TS, seldom 
| others, but no alkaline adh 


‘Common with epoxy 100% 


dispersed phenolic 


Common with epoxy 100% 
solids in paste form 


also integrally cast studs, 


| hooks, etc. 





Rec with all types; most 
fasteners made of same 
mtls 





solids in paste form 


Rec with bolts and nuts, 
common with others 





Rec with all types 


Common with self-tapping 


screws, inserts, others 


| Common with TS, seldom | Common with epoxy 100% | Common; esp self-tapping, | Rec with large solid rivets 
solids; dfcit with solvent- | 


in structural uses 





Rec with solid rivets for 
| high shear, medium ten str 
| uses 


Common with solid stainless 
steel rivets for high shear 
str uses 


| Common with small solid 
_ aluminum rivets, or semi- 
tubular where low stress 











Rec for copper, brass, 
bronze in that order 


Common with TS, seldom 
with TP, but no natural 
rubber adh 


Common with epoxy 100% 
solids as paste or film 


Common with fasteners 
available in similar mtls 


Common with small solid 
copper alloy rivets, seldom 
| with semi-tubular 





“Common with high tin 





| corr 
| Seldom 





solders or others rel non- | 


Common with TS, seldom 
with TP 





| Seldom with TS,noTP 








| Rec with low. melting 
solders 





Common with epoxy 100% | 


solids as paste or film 


Rec with fasteners available 


| in similar mtls 


Common with small solid 
nickel alloy rivets, seldom 
with semi-tubular 








Common with epoxy 100% | 
| 


solids, heat and pressure- | 
cured 





Rec with ‘TS, TP, Elast in | 
that order 


Rec with alltypes 


Common; some Ti fasteners 
available 





\Rec with self-tapping 


screws, inserts, special 
fasteners 


| No : 
| P 
| Rec with semi-tubular or 


split rivets, seldom with 
solid 






























































acetate and cellulosic adh 


emulsions 


| No Common with Elast for cryst. Seldom; phenolic-Buna N | Seldom; inserts are used, | Rec with tubular rivets; 
types; solvent selection care | most used | also special fasteners | stitching common (limited 
nec to avoid crazing thk) 
| 
| No Common with TS; solvent | Common with modified | Common with self-tapping | Rec with semi-tubular rivets 
| selection care nec to avoid | epoxies on TP-TS com- | screws, elevator bolts, in- | 
Pe ee [crazing _ pounds __| serts | oe A ee 
No | Rec with phenolic, epoxy | Common with epoxy-poly- | Seldom; inserts are used, | Rec with tubular or split 
es ee _and neoprene adhesives _ | Sulfide, phenolic-elastomers | also special fasteners _—_—|_rivets; stitching common 
| No | Rec with epoxy, common | Rec with vinyl-phenolics, | Common with nuts, wash- | Seldom; semi-tubular rivets 
| with other TS adhesives | modified epoxies, phenolic- | ers and bolts, esp load- | used 
|excureas ___| elastomers | indicating types aa ee ie aie ail 
| No Rec with TS, common with | Rec with vinyl-phenolics, | Common with plastics fast- | Seldom; TP semi-tubular 
| Elast phenolic-elastomers | eners, seldom with elevator | rivets used 
~ ee ; = rt ‘| bolts ko. a 
| No Rec; phenolic for soft ply- | Rec with solvent-dispersed | Rec with wood and lag | Common. Semi-tubular riv- 
wood, melamine-urea for | phenolic-elastomers, latex | Screws, self-tapping screws, | ets for hard woods, tubular 
laminations, PVC for furni- | emulsions | inserts, dowels, etc. | rivets for soft 
ture 
No Rec with Elast, common | Rec with asphalt and latex | Seldom | Rec with tubular and split 
with TS emulsions, solvent disper- rivets, and stitching or 
sions | | Stapling 
No Rec with Elast, polyvinyl | Rec with asphalt and latex | Seldom | Rec with split rivets, stitch- 


| ing 





Rec except where gal- 
vanic corr must be con- 
sidered 


Rec with TS exc solvent- 
dispersed types 


Rec with epoxy 
solids 


100% 


tion may be a danger 


Common but galvanic ac- 


| Common although galvanic 
action is a danger 
































No Rec. TP for shear str; | Rec with solvent-dispersed | Common using self-tapping | Rec with self-tapping screws, 
TS Elast for peel str phenolic-elastomers screws, inserts, special | inserts, stitching 
fasteners 
No Rec; type varies with po- | Rec; type varies with po- | Seldom Rec with lag screws, stitch- 
rosities being joined rosities being joined ing, special fasteners 
Rec where load is not peel | Rec with all types Rec, esp bolts Rec, esp stitching 




















Brazing and Soldering Alloys 


Classification 


Unlike welding filler metals, these alloys melt at 
lower temperature than the metals being joined 
—brazing alloys above 800 F, soldering alloys below. 


Brazing Alloys. Alloys are classified by chemical 
composition. The two most common groups are silver 
alloys and copper and copper alloys. All must melt 
and flow freely at a lower temperature than the 
metals being joined, adhere to the surfaces being 
joined, and not oxidize or volatize too freely. 


Brazing fluxes. Choice of the proper brazing flux is 
extremely important. Fluxes minimize oxidation, 
dissolve oxides that may have formed, and promote 
free flowing of the filler metal. A great number of 
proprietary fluxes are available, each with specific 
recommendations for use. Most of them can be 
classified as high temperature (above 1500 F), gen- 
eral-purpose low-temperature, or special purpose. 


Soldering alloys. The most widely used soft solders 
are those composed of tin and lead, with or without 
other minor alloying elements. Other types include 
lead-silver, silver-tin-lead, bismuth-tin-lead, indium- 
bearing and aluminum solders. 


Soldering fluxes. The most important factor in pro- 
ducing a sound soldered joint ‘~ the proper chcice and 
use of a flux. The many available fluxes can be 
classified in two groups—corrosive and noncorrosive. 


Brazing and Soldering Methods 


Similar methods of heating are used for brazing 
and soldering. However, the furnace and salt dip 
methods are seldom used for soldering, and the 
soldering iron is not used for brazing. The most 
common methods use: 


Soldering iron. The “iron” has a copper tip which is 
generally heated electrically. It is used mostly for 
electrical connections. 


Torch, Oxyacetylene, oxyhydrogen or other gas flame 
torches are widely used for repair work. 


Induction heating. Parts are assembled in a fixture 
which positions them inside an induction coil. Advan- 
tageous for large quantities of small parts. 


Electric block. Similar to resistance welding with 
lower current. Used for small electrical parts. 


Salt dip. Brazing alloy is preloaded into the work 
and parts are dipped into molten salt bath. Advan- 
tageous for dissimilar thicknesses and aluminum. 


Metal dip. Parts are dipped in bath of molten braz- 
ing or soldering alloy. Used for irregular shapes. 


Furnace. Brazing alloy is preloaded into work (usu- 
ally held in jigs) which is then heated to brazing 
temperature in a controlled atmosphere furnace. 
Economical for large volumes of work. 


Design Factors 


Comparisons. Though brazed joints are not as strong 
as welded, the lower temperatures required are ad- 
vantageous in that the process is faster, is per- 
formed more economically, and results in less dis- 
tortion. Soldered joints are not recommended where 
any stress will be applied. 


Joint design. Three basic types of joints are used in 
trazing: butt, scarf and lap. Lap joints are pre- 
ferred where maximum strength is preferred. Butt 
joints are not recommended for soldering. 


Joining and Fastening of Materials 


SOLDERING FLUXES 








Uses 





} 
| 
| 
| 





Flux } Characteristics 
Rosin Noncorrosive, non- 
conducting, nonhy- | 
groscopic 
Tallow Very mildly corrosive 


Electrical 


Lead, brass, clean 
copper 





Olive Oil or Gallipoli Oil 


Very mildly corrosive 


Pewter, block tin 





Stearic Acid 


Mildly corrosive, al- 
most nonconductive 


Electrical, bead 





Aniline Phosphate or Ani- 
line Chloride 


Mildly corrosive, al- 
most nonconductive 


Electrical 





Lerulinic Acid in Alcohol 


Mildly corrosive, al- 
most nonconductive 


Tin cans 





Lactic Acid, Phthalic Acid 
and Phosphoric Acid 
Mixed with Tallow, 
Resin, etc. 





Mildly corrosive, 
slightly conductive 





Electrical 





lron, steel, zinc, 






































Zinc Chloride Corrosive 
copper, brass, 
bronze; terne and 
lead plate 
Zinc Chloride and Hydro- | Corrosive Stainless steel, 
chloric Acid nickel, monel 
Zinc Chloride and Hydro- | Corrosive Brasses and 
fluoric Acid | bronzes _contain- 
| ing aluminum, sili- 
| con and man- 
ganese 
Orthophosphoric Acid Corrosive High tensile man- 
| ganese bronze 
Numerous Proprietary | Corrosive | _ 
Pastes Usually Con- 
taining Zinc Chloride | 
Zinc Chloride and Am- | Corrosive lron, zinc, copper, 
monium Chloride brass, bronze 
Dilute Hydrochloric Acid | Corrosive Dirty zinc 
Fused Salts of Zinc Chior- | Corrosive Dipping method 
ide and Ammonium 
Chloride 
Definitions 


Eutectic. An alloy which has a melting point 


and not a range. 


Liquidus. The lowest temperature at which the 
alloy is completely liquid. 
Melting range. The range from the liquidus to 
the solidus temperature. 


Solidus. The temperature at which the alloy 


begins to melt. 










































TYPICAL SOFT SOLDERS 





ASTM Solidus, | Liquidus,| Spec | Ten Str, | 
Type # | Nominal Composition ry h F Grav | 1000 psi | Applications 


| | | 


TIN-LEAD ALLOYS 

















































































































T0A, 70B...| Sn 70, Pb 30, Sb 0.12-0.50..... 361 | 378 8.32 | 6.8 | Soldering Zn-coated ferrous metals; coating metals 
Oe ee ae 361 = — General purpose; eutectic alloy 
60A, 60B...| Sn 60, Pb 40, Sb 0.12-0.50..... 361 | 374 | 865 | 6.4 General purpose, esp where temp needs critical 
50A, 50B...) Sn 50, Pb 50, Sb 0.12-0.50..... 361 | 421 | 885 | 59 General purpose; most commonly used for iron, steel, 
| | | Cu alloys, Zn. Domestic plumbing 
45A, 45B...) Sn 45, Pb 55, Sb 0.12-0.50..... 361 44] 8.97. | — __ | Auto radiator cores, roofing seams 
40A, 40B...| Sn 40, Pb 60, Sb 0.12-0.50..... 361 | 460 | 93 | 5.8 | Wipinglead pipes, cable sheaths. Auto radiator cores, 
| | galvanized iron and Zn heating units 
35A, 35B...| Sn 35, Pb 65, Sb 0.25-0.50..... 361 477 2.5 | = General purpose; wiping solder 
30A, 30B...| Sn 30, Pb 70, Sb 0.25-0.50..... 361 | 491 9.7 | 5.6 Machine, torch, dip, wiping methods 
25A, 25B...| Sn 25, Pb 75, Sb 0.25-0.50..... 361 ~~ 511 10.00 | — Machine, torch methods 
) ere Fe. | eh ae 361 | 531 10.20 | 5.3 Joining metal parts <% in. thk; filling dents or seams 
| | | in auto bodies; coating metals 
iets | Sn 15, Pb 85, Sb 0.50.......... 361 | 550 10.50 ~~ Joining, coating; tinning auto bodies 
10B........} Sn 10, Pb 90, Sb 0.50.......... 361 | 570 10.80 -- Joining, coating 
5A, 5B.....| Sn5, Pb 95, Sb 0.12-0.50...... 518 594 | 11.30 | 3.4 | Joining and coating, esp at high temp to 250 F 
TIN-LEAD-ANTIMONY ALLOYS* 
shacdes icc) Bee ees.........4 2 | S&S | - | = | General purpose - ; ; 
40C........) Sn 40, Pb 58, Sb 1.8-2.4....... 365 | 448 | 9.23 -- Same as 50A, 50B 
 dxoces | Sn 35, Pb 63.2, Sb 1.6-2.0..... 365 | 470 | 9,44 | — General purpose; wiping 
30C........) Sn 30, Pb 68.4, Sb 1.4-1.8......] 364 | 4s2 | 9.65 | — Torch, machine methods 
ee Sn 25, Pb 73.7, Sb 1.1-1.5...... 364 | 504 996 | — Same as above 
20C........| Sn 20, Pb 79, Sb 0.8-1.2.......| 363 | S17 10.17 | — | Machine soldering and coating; tipping 
TIN-LEAD-INDIUM ALLOYS 
a “ - SE EUEETEEE TEE = —_ 
jargttenenl | Sn 37.5, Pb 37.5, In 25.0.......] 274 38 | — = | Where res to strong alk soln needed (high cost) 
} | 
ithe eee Se eae eo 
SILVER-LEAD AND SILVER-CADMIUM ALLOYS 
2.5.......] Sn0,Pb97.5,Sb0.40,Ag2.3-2.7.] 579 | 579 | 11.35 | 5.0 | Cu, brass and similar metals with torch heating. Suit- 
| able for high temp but not for humid environ. 
1.55........| Sn1, Pb97.5,$b0.40, Ag1.3-1.7.] 588 588 | 11.28 — | Cu, brass and similar metals with torch heating. Seal- 
| | ing tin cans. High temp use 
cases | AS CAM... eee} 640 | 750 | — | = | Hightempuse ae 
CADMIUM-ZINC AND LEAD-CADMIUM-ZINC ALLOYS 
ag \ arp , a | 7 i bean ae i. on 
Bee ee ee | Pb 90,Cd8,Zn2..............] 410 | 530 — — Zn and galvanized parts 
udnewudan | CO GES ZO 075.......0.....4 B | 508 — — Zn-base die castings; high temp 
LOW MELTING ALLOYS (BISMUTH-CONTAINING) 
pretax Saas 6) 56, PD 22, Sa 2Z............1 23 220 —- | — Special uses where low mp needed in soldering or svc 
cuaateets Bi 67,Pb16,Sn17............) 203 | 300 _ -- Same as above 
ke bicereel Bi 40, Sn 60..................] 281 | 338 -- — Same as above 
;apiite ae Bi 42.5, Pb 32.7,Sn11.3,Cd8.5.) 158 | 194 aa — Same as above 
eres: Bi58,Sn42,2n4.............) 266 | 266 i — | Same as above 
ALLOYS FOR SOLDERING ALUMINUM 
or re Sn 55-70, Zn 30-45............] 630 | _- -- Range of special alloys for Al; also used on Mg 
rietweaeie BPE saticcdscccssccee & 500 | — — Soldering capacitors to Al sheets 
ALLOYS FOR SOLDERING MAGNESIUM 
vi Ay aPtid. 3 BM Gc ccccscccsesssel OO | = = — | Magnesium aa a ee 
iceedauaen’ Cd 60, Zn 30,Sn10............) 315 | — -- _ General purpose 
Pn eee: ey i ia a _ Magnesium 











* Not recommended for use on galvanized iron, cadmium or zine parts. 


continued 
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Brazing and Soldering Alloys—concluded 





BRAZING FILLER METALS 





Solidus, 










































































| 
AWS-ASTM | Liquidus, | 
Class @ Major Composition % Available Forms F | : oo Special Factors 
ALUMINUM-SILICON 
BAISi-1...... Si 4.0-6.0, Al bal Strip, wire, rod 1070 1165 | em 
BAISi-2...... Si 6.8-8.2, Al bal | Coated sheet 1070 | 1135 | Only as coating on 3003, 5951 
BAISi-3...... Si 9.3-10.7, Cu 3.3-4.7, Al bal | Strip, wire, rod 970 | 1085 al 
BAISi-4......| Si 11.0-13.0, Al bal ¥ | Wire —___|_1070 | 1080 | Highly corr res 
COPPER-PHOSPHORUS 
BCuP-1..... P 4.75-5.25, Cu bal | Strip, wire 1305 | 1650 | More ductile than others; less fluid 
BCuP-2..... P 6.75-7.50, Cu bal | Rod 1305 | 1485 | Very fluid 
BCuP-3..... P 6.00-6.50, Ag 4.75-5.25, Cu bal Wire, rod, powder 1195 | 1500 | Very fluid 
BCuP-4..... P 6.75-7.80, Ag 5.75-6.25, Cu bal Rod, powder | 1185 | 1380 — 
BCuP-5.....] P 4.75-5.25, Ag 14.50-15.50, Cu bal_—_| Strip, wire,rod, powder | 1185 | 1500 | Suitable where close fits cannot be held 
SILVER 
BAg-1....... Ag 44-46, Cu 14-16, Zn 14-18, Cd 23-25 | A | 1125 | 1145 | Free flowing, narrow melting range 
BAg-2....... Ag 34-36, Cu 25-27, Zn 19-23, Cd 17-19 | | 1125 | 1295 | Free flowing, broader melting range than 
| above 
BAg-3....... Ag 49-51, Cu 14.5-16.5, Zn 13.5-17.5, 1195 1270 Good wetting action on carbide; wide 
Cd 15-17, Ni 2.5-3.5 | melting range; good corr res 
BAg-4....... Ag 39-41, Cu 29-31, Zn 26-30, Ni 1.5-2.5 | 1240 | 1435 | Same as above, but freer flowing 
BAg-5....... Ag 44-46, Cu 29-31, Zn 23-27 1250 | 1370 Wets, flows well; malleable, ductile 
Strip, wire, rod, powder | | | 
BAg-6....... Ag 49-51, Cu 33-35, Zn 14-18 | 1270 1425 Same as above; lowelec res, high ductility | 
BAg-7....... Ag 55-57, Cu 21-23, Zn 15-19, Sn 4.5-5.5 | 1145 | 1205 | Less stress corr cracking on stainless, 
| | | some Ni alloys 
BAg-8....... Ag 71-73, Cu 27-29 1435 | 1435 Free flowing except on ferrous metals 
BAg-9....... Ag 64-66, Cu 19-21, Zn 13-17 1280 | 1325 | _ 
BAg-10...... Ag 69-71, Cu 19-21, Zn 8-12 1335 | 1390 | — 
BAg-11...... Ag 74-76, Cu 21-23, Zn 2.5-3.5 ca YY ea 1365 | 1450 — 
COPPER-GOLD 
BCuAu-1....| Au 37.25-37.75, Cu bal Strip, wire | 1775 1815 | 
BCuAu-2....} Au 79.75-80.25, Cu bal | Strip, wire 1620 | 1630 | 
COPPER 
BCu.........] Cu 99.90 min Strip, wire, rod ~ 1980 | 1980 | Free flowing - = 
COPPER-ZINC 
BCuZn-1... .| Cu 58.0-62.0, Zn bal | Strip, wire, rod 1650 1660 | Free flowing; mod str daeee We 
BCuZn-2....| Cu 57.0 min, Sn 1.0, Zn bal Strip, wire, rod | 1630 1650 Free flowing; higher str than above 
BCuZn-3....| Cu 56.0 min, Sn 1.10, Mn 1.0, Ni 1.0, | Strip, wire, rod 1590 1630 Used for capillary brazing 
Zn bal 
BCuZn-4....} Cu 50.0-55.0, Zn bal Grain 1570 1595 Low mp; somewhat brittle 
BCuZn-5....| Cu 50.0-53.0, Sn 3.0-4.5, Zn bal Grain 1585 1610 Used for capillary brazing 
BCuZn-6....| Cu 46.0-50.0, Ni 9.0-11.0, Zn bal Strip, wire, rod 1690 1715 Generally used to make V fillet 
BCuZn-7....| Cu 46.0-48.0, Ni 10.0-11.0, Ag 0.30-1.0, | Strip, wire, rod, powder 1685 1710 High mp; good color match 
Zn bal | 
MAGNESIUM 
SD Al 8.3-9.7, Zn 1.7-2.3, Mg bal Wire, rod 770 1110 Good corr res; high str, ductility 7 
HEAT RESISTING MATERIALS 
BNiCr....... Ni 65-75, Cr 13-20, B 2.75-4.75* Strip, wire, powder 1850 1950 Retains prop. to 2000 F 
BAgMn...... Ag 84-86, Mn 14-16 Strip, wire, rod 1760 1780 Good str at 500-900 F 























*® Immersion in 
¢ Lap and tee; 


10% sulfuric acid restores copper color. 
strong, ductile joint; shear strength 20—30,000 psi. 


b BCuP-1: particularly resistance, and some furnace brazing. 
4 BAg-~7 particularly for furnace brazing. 


¢ All ferrous and nonferrous metals except Al, Mg, Ti and other metals melting below 1500 F. BAg-—9, 10, 11 are used together for step brazing. 














| Brazing Temp 




























































































Brazing Methods Range, F Flux Nature of Joint | Color of Braze | Uses 
| Furnace, dip 1150-1185 + | Lap. Clearance <0.010 in. Gray | Wrought Al alloys: 1100, 3003: 
| Furnace 1120-1140 | for laps <% in. long; | Gray 3004, 5050, 6951, 6053, 6061; 
| Furnace, dip | 1060-1185 | Essential | but >0.025 in. for longer | Gray 6062, 6063. Cast Al alloys: 
| Torch | 1090-1185 | 7 | laps | Gray | A612, C612 r 
A 1450-1700 | o Clearance: 0.002-0.005 in. | Lt Gray Cu, Cu alloys; limited use for Ag’ 
1350-1550 | Self-fluxing on | Clearance: 0.001-0.003 in.¢ | Lt Gray W, Mo. Do not use on ferrous 
All methods» | 1300-1550 copper; flux recon | Clearance: 0.002-0.005 in. | Lt Gray | alloys containing more than 10% 
' | 1300-1500 | other metals Clearance: 0.001-0.003 in. | Lt Gray | Ni. Not rec for sulfurous atm 
Y ____ | _1300-1500 Y Clearance: 0.003-0.005 in. | Lt Gray | above room temp 
a A 1145-1400 4 + | Lt Yellow | Unstabilized types of stainless * 
| 1295-1550 | | Lt yellow | Where tolerances cannot be as 
| closely controlled« 
1270-1500 | | | Whitish yellow! Joining carbide tool tips to tool 
| | | | shanks° 
1435-1650 | Lap rec; butt sometimes | Lt yellow | Carbide tip brazinge 
1370-1550 | Required unless | used. Clearances 0.002- | Lt yellow Elec equip. ; food and dairy equip. 
| brazing is done in 0.005in. Fatigue str about | where (Cd-containing alloys 
All methods¢ | vacuum or inert | that of metals being joined | might be prohibitede 
| 1425-1600 | atm (to 27,000 psi). Tough, | Lt yellow Same as above 
| 1205-1400 | ductile, high impact str; | Whitish Food and dairy equip.® 
; ten str, 50-60,000 psi 
q 1435-1650 | White | Assembling electronic tubes® 
: 1325-1550 Whitish Particularly with sterling silver®: 
| 1390-1600 Whitish Same as above 
Y 1450-1650 | Y | Y Whitish | Same as above 
Induction, furnace, resistance! 1815-2000 | Nones ; Copperish | Special alloy for joining parts in 
electron tube assemblies 
Same as above 1630-1850 | Nones — Copperish | Same as above 
Furnace® 2000-2100 | None: | Clearance: 0.000-0.002 in.i | Yellow | Ferrous metals; Ni and Cu-N 
| alloys 
| Torch, furnace, induction | 1670-1750 + + | Yellow Steels, Ni and Cu alloys 
2 | 1670-1750 Yellow Same as above 
ss | 1670-1750 Yellow Same as above 
‘ Required; borax- | Lap, butt; clearances 0.002- 
“s ' 1600-1700 | boric acid com- | 0.005in. High strin shear | Pale yellow Steels, Ni alloys 
ss | 1620-1700 | monly used and tension Grayish yellow} Same as above 
All methods | 1720-1800 | | Gray Same as above 
All methods | 1690-1800 u | Gray Same as above 
Torch, furnace, dip; some- | 1120-1160 | Req; fluxes con- | Lap;clearances0.004-0.010 | Gray Mg alloy M1A 
times others except re- | tain KCI, NaCl, in. 
sistance some fluorides 
Furnace, generally using | 2000-2150 | None in red. atm; | Variable Gray Stainless steels, high Ni alloys; 
controlled dry H. atm otherwise nec- jet engines 
essary 
Same as above | 1780-2100 | Same as above Variable Gray Stainless steels, high Ni alloys; 
lower temp than BNiCr 




















‘ Variation in brazing temp permits step brazing. 
» Using H: or dissociated ammonia atmosphere. 





i Otherwise same nature as CuZn alloys. 







« In reducing atmosphere or vacuum ; otherwise borax-boric acid flux. 


i Except on metals with oxide constituents. 


k Total Fe + Si+ C = 


10% max. 
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Joining and Fastening of Materials 


Welding Electrodes and Rods 


Classification metal of similar composition.) A few groups of rods 

Welding rods and electrodes are generally grouped and electrodes are also defined by the welding 
broadly according to the major metal (or metals) method with which they are used. 

of which they are composed. Some are also grouped Each broad group of rods and electrodes is further 

by the metals which they are used to weld. (These classified according to one or more of the following 

two classifications are often identical because it is factors: chemical composition; coating, current and 

usually desirable to weld base metals with a filler welding position; mechanical properties; appearance 


EXPLANATION OF AWS-ASTM ROD AND ELECTRODE CLASSIFICATION NUMBERS 


(And Key to the Charts in This Welding Section) 








] 
AWS-ASTM | Sample Class | Type of Specified Conditions ‘See Table 

































































Electrode or 
Rod Group # Spec | No.* | Indicated by Class No.» | No.... 
| 
WELDING IRONS AND STEELS 
Mild Steel A233-55T TG OI0 60—properties; 10—manner of usec tits “2a, 2b 
(coated and covered) 
Low Alloy Steel | E7010¢ 70—properties ; 10—manner of use 2a, 2b 
(covered) A316-54T | 
| E7010-Ale 70—properties ; 10—modifies comp; Al—comp of weld | 2a, 2c 
Stainless Steel A251-46T | E308ELC-15 308—comp of weld; ELC—modifies comp; 15—man- 3 
(covered) ner of use. Properties are also specified@ 
Stainless Steel A371-53T ER308L 308—comp as mfd; L—modifies comp 3 
(bare) | 
For Welding Cast Irone A398-56T RCuAl-A2 CuAl—comp as mfd; A2—modifies comp. Visual 4 
examination of weld is also specified? 
For Gas Welding A251-46T | GA65 | A65—properties 5 
Irons and Steels OS Salta ll NR SS LE, «a ae 
WELDING NONFERROUS METALS 
Copper and Copper Alloy | B225-53T (electrodes) =—'| ECuAI-A2_ | CuAl—comp as mfd; A2—modifies comp. Proper-| 6 
ties are also specified 
B259-52T (rods) RCuAI-A2 | CuAl—comp as mfd; A2—modifies comp 6 
Nickel and Nickel Alloy B295-54T (covered electrodes) | E3N10® 3—base metal; 1—welding method; 0—comp of core | 7 
as mfd. Comp of weld, tensile strength are also | 
specified4 | 
B304-56T (bare electrodes and rods) | ERN6() 6—welding method; 0—comp as mfd | 8 
Aluminum and B184-43T (covered electrodes) Al-2 2—comp of core as mfd | 9 
Aluminum Alloy 
B285-54T (bare electrodes and rods) | R-CN42A: CN42—comp as mfd 9 











Magnesium and 
Magnesium Alloy ‘ 


No specifications; alloys can be joined by gas welding and inert-gas shielded arc processes. In general, filler metal 
should have same composition as alloy being joined 





Lead and Zinc 





No specifications; gas welding most commonly used. In general, filler metal should have same composition as alloy 
being joined 





* The first letter of the designation is either “‘E’’ for electrode or ‘‘R”’ for rod. 

> The figures used are samples, e.g., the ‘10’ for mild steels may be 11, 12, etc., each indicating a different manner of use. Properties = Mechanical 
properties of the deposited weld metal. (The figures approximate the minimum tensile strength in units of 1000 psi.) Manner of use = Type of 
current, polarity (if d.c.), welding position, type of covering. 

© These figures also indicate a modification in minimum mechanical properties specified. 

4 Specified, but not represented in the classification number. 

¢ Must be classified one way or the other, not both. 

f Used as both rods and bare electrodes. As rods—atomic hydrogen and inert-gas metal are (nonconsumable electrode) welding. As bare electrodes 
—submerged arc and inert-gas metal-arc (consumable electrode) welding. 

« Includes rods for oxyacetylene and carbon arc welding, covered electrodes for shielded metal arc welding. Types included here are: cast iron, copper- 
base, nickel-base and mild steel. 

b The “N” designates ‘‘nickel.” 

i The “‘A”’ designates ‘‘aluminum.”’ 
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1—TYPICAL PROPERTIES OF MILD STEEL ARC WELDED DEPOSITS 



































AWS—ASTM Ten Str, Yid Point, Elong Red. of Impact Str, Endur Limit, Brinell 

Class | 1000 psi 1000 psi | (in 2 in.), % Area, % ft-Ib* 1000 psi Hardness 
ER 45 Not spec | 5 a | eat | an PS 
45 Not spec | 5 * | dy | a = 
Seer 62-65 52-58 | 22-28 35 30-40, 20-30 28-32 140-160 
E6011 62-73 52-61 | 22-28 35 | 30-40, 20-30 | 28-32 140-160 
E6012 68-78 55-65 | 17-22 25 | 20-30, 15-20 | _ 150-170 
E6013 68-78 55-65 | 17-22 25 | an - 150-170 
0 See 68-76 55-62 22-35 55-75 | 35-45, 30-40 — 140-160 
E6016 68-76 55-62 22-35 55-75 | 35-45, 30-40 — 140-160 
E6020 62-68 52-58 25-30 40 | 20-30, 15-20 30-34 150-170 
E6024 77-87 65-75 17-22 30-45 | 20-35, 15-20 — 150-170 
E6027 62-68 92-58 25-30 40 | 25-35, 20-30 30-34 150-170 
E6030 62-68 92-58 | 25-30 | 40 | 20-30, 15-20 30-34 150-170 
® Charpy keyhole. First value is at 70 F, second at —40 F, unless otherwise specified. bAtOF. 
of the weld; intended end use. The key chart on the 
opposite page indicates the method of classifying Definitions 


each group according to American Welding Society 
specifications. 

In some cases there is a choice offered by the 
specification; the manufacturer may be allowed to 
select one of several classification methods, or may 
be allowed to list an electrode by more than one 
classification. 

The numbered charts on this and the following six 
pages classify the rods and electrodes within each 
group by the applicable method and also give other 
information, such as method of use, typical proper- 
ties and some common applications. 


Welding Processes 


Are welding. A group of processes wherein coales- 
cence is produced by heating with an electric arc. 
The metal to be welded is one pole of an electric 
circuit and the electrode is the other pole. A suitable 
gap forms a heat generating arc. (The metal par- 
ticipates in the production of heat but is not the sole 
source.) Carbon or metal electrodes may be used. 
If covered metal electrodes are used the process is 
referred to as shielded. There are other methods of 
shielding, such as using an inert gas (helium or 
argon), or a blanket of granular, fusible material on 
the work (referred to as submerged arc welding). 


Braze welding. Uses a brazing torch but is classified 
technically as a welding process because the filler 
metal is distributed by gravity and not, as in braz- 
ing, by capillary action. 


Gas welding. A group of processes wherein coales- 
cence is produced by heating with a gas flame, most 
commonly obtained by the combustion of acetylene 
with oxygen (oxyacetylene welding). 


Resistance welding. A group of processes wherein 
coalescence is produced by the heat generated from 
resistance to flow of electric current through the 
work, and by pressure. Heat is generated in two 
places: in the body of the work where only the 
resistivity of the material determines the amount of 
heat; and at contact surfaces where resistivity is 
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Filler metal. A broad term for the metal 
added in making a weld. It may or may not 
carry electric current. 


Rod. Filler metal, in wire or rod form, which 
does not carry current. Rods are used in gas 
welding or in arc welding with a separate 
carbon or tungsten electrode. 

Electrode. The current-carrying element. With 
three exceptions, it is also the filler metal. 
Carbon and tungsten electrodes are not filler 
metals. The third exception is the “resistance 
welding electrode,” a term applied to the part 
of the resistance welding machine that trans- 
mits current (and usually pressure) to the 
work. A resistance welding electrode may be 
in the form of a wheel, bar, cylinder, clamp, 
etc. 


Bare, lightly coated, covered. Terms which ap- 
ply to filler metals (either rods or electrodes) 
used in arc welding. However, since rods are 
usually bare, the terms are generally reserved 
for filler metal electrodes. The purpose of a 
light coating is primarily to stabilize the arc. 
“Covered” wires have a relatively thick coat- 
ing which protects the molten metal from the 
atmosphere, improves weld metal properties, 
and stabilizes the arc. 





affected by pressure, surface oxides and compounds, 
and surface roughness and cleanliness. No fluxes or 
filler metals are used. Various types of resistance 
welding processes are named according to the 
method of determining pressure points. Examples 
are: spot welding (two welding tips pressing the 
work together in one spot at a time) ; and projection 
welding (welding dies are used and pressure points 
determined by projections designed as an integral 
part of the work). Other processes are named ac- 
cording to the speed of effecting contact and pres- 
sure and their timing with reference to the heating 
cycle (flash and upset). 


continued 
text continued on p $82 
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Welding Electrodes and Rods—continued 


2a—MILD AND LOW ALLOY STEEL COVERED ELECTRODES 
(Classified by Current, Welding Position and Covering) 



































Properties Not Specified By ASTM Class 
AWS-ASTM Se ee eB 
| | | 
Class & Welding Deposit Deposi- 
Current, Polarity Position® Covering Appearance Slag» tion Rate Arc Characteristics 
Exxi0°e....... D.c. reversed F, V, OH, H | High cellulose | Flat, rippled Thin Slow Spray, deep penetration 
sodium 
I | Ane A.c. or d.c. reversed F, V, OH, H | High cellulose | Flat, rippled Thin Slow Spray, deep penetration 
potassium 
E60!2........] A.c. or d.c. F, V, OH, H | High titania Convex, rippled | Dense Medium | Globule, medium penetra- 
sodium tion 
Nits sana A.c. or d.c. straight F, V, OH, H | Hightitania | Concave, slightly | Medium | Med fast | Globule, shallow penetration 
potassium rippled 
ae D.c. reversed | F, V, OH, H | Low hydrogen | Flat, convex Heavy Medium | Globule, medium penetra- 
sodium tion 
We 6 ssc000 A.c. or d.c. reversed F, V, OH, H | Low hydrogen | Flat, convex Heavy Medium | Globule, medium penetra- 
potassium tion 
| Horiz fillets—a.c. or d.c. | H fillets, F | High iron Concave, smooth | Heavy Fast Spray, medium penetration 
straight; flat—a.c. or | oxide 
d.c. either polarity 
ae A.c. or d.c. either polarity | H fillets, F | Iron powder, | Convex, smooth | Heavy Fast Smooth, quiet, shallow pene- 
titania tration 
ae Horiz fillets—a.c. or d.c. | H fillets, F | lron powder, | Flat, concave, Heavy Fast Spray, medium penetration 
straight; flat—a.c. or iron oxide smoothly 
d.c. either polarity rippled 
es bwneees A.c. or d.c. either polarity | F High iron Flat, concave, Dense Fast Spray, deep penetration 
| oxide smoothly 
rippled 
*F = flat, V = vertical,OH = overhead, H = horizontal. b All slag deposits are readily removable except E6012 which is rated “‘fair.”’ 


* When xx = 45, the only column in this table that applies is ‘‘Welding Position.’’ Current and polarity of 4510 and 4520 are not specified, but 
generally d.c. straight polarity is used. These two electrodes are not covered but are either sulcoated or light coated. 





2b—MILD AND LOW ALLOY STEEL 2c—LOW ALLOY STEEL COVERED ELECTRODES 
COVERED ELECTRODES (Classified by Chemical Composition of Weld) * 
(Classified by Minimum Mechanical Properties) * 


# AWS-ASTM Class 
































AWS-ASTM Ten Str, Yld Point, | long (in 
Class & 1000 psi | 1000 psi 2in.), % CARBON-MOLYBDENUM STEEL 
A Sg adnan C 0.10, Mo 0.40-0.65 
MILD ALLOY STEEL ELECTRODES CHROMIUM-MOLYBDENUM STEEL 
4510, 4520............ 45 Not spec 5 MESSE Oe BSD, Se C 0.10, Cr 0.40-0.65, Mo 0.40-0.65 
| ES 62 50 22 oer ose rye re eee C 0.10, Cr 1.00-1.50, Mo 0.40-0.65° 
6012, 6013, 6024....... 67 55 17 COR ee C 0.12, Cr 2.00-2.50, Mo 0.90-1.20 
500,627, 6030... oe | 0 | 2 NICKEL STEEL 
: 2 . Rs Sh ee eS coed u'ds Be awh cere C 0.12, Ni 2.00-2.75 
LOW ALLOY STEEL ELECTRODES Dn snanstbnseseeee rsd sandacsctdseaibaaen C 0.10, Ni 3.00-3.75 
TOKK. os. esse ee eves 70 97 22» *® Classification of low alloy steel electrodes by chemical composition 
Gs 00 didi anldan ve 80 67 19¢ can be found in AWS—ASTM specification A316-—54T. Compositions 
SATS ere ee ee 90 77 174 are represented by a letter and a number following the standard 
100K... eee esses 100 87 16° Sotad tar thn sosenl Woe Gane TAL Gta oven dy Ue par 
Seis xtno shits nants 120 107 14 centages of the major elements. 














* Classification by mechanical properties is represented by the first 
two digits. For low alloy steel electrodes the digits are exactly the 
minimum tensile strength in units of 1000 psi. For mild alloy steel 
the digits are approximately the minimum tensile strength in 1000 
psi units. 

b Elongation is 25% for 7020. 4 Elongation is 14% for 9013. 

© Elongation is 16% for 8013. ¢ Elongation is 13% for 10013. 
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3—STAINLESS STEEL RODS AND ELECTRODES 





Covered Electrodes 





Rods and Bare Electrodes 








| 


| 


Min Mechanical 
| Properties of Covered 
































| Electrode Deposits 
Applications | a 
AWS- | Major Composition AWS- Major Composition 
ASTM of Weld Metal, %> ASTM As Manufactured, %> | Ten Str, | Elong (in 
Class* @ | Class* | 1000 psi | 2in.), % 
. | €.0.08, Cr 18.0-21.0, ER308....| C 0.08, Cr 19.5-22.0, Weld base metal of similar composition | 80 35 
| Ni 9.0-11.0 Ni 9.0-11.0 | 
E308ELC .. | C 0.04, Cr 18.0-21.0, ER308L...| C 0.03, Cr 19.5-22.0, Low C reduces carbide precipitation, | 75 35 
| Ni 9.0-11.0 Ni 9.0-11.0 avoiding intergranular corrosion with- | 
out need for stabilizers | 
ee | C 0.15, Cr 22.0-25.0, ER309....) C 0.12, Cr 23.0-25.0, Weld similar alloys, wrought or cast.Weld | 80 35 
| Ni 12.0-14.0 Ni 12.0-14.0 18-8 for severe corrosion conditions | 
Se accd EREEE Eivede<oeneel sivivastaevsaunenibees Primarily weld type 347 clad steel or dis- 80 30 
| Ni 12.0-14.0, similar metals. Cb stabilizes against | 
Cb+Ta 0.70-1.00 intergranular corrosion, provides high | - 
strength at high temperatures | | 
E309Mo oe Ny SS SR ers peer mer a eee Primarily weld type 316 clad steels or dis- 80 | 35 
Ni 12.0-14.0, similar metals (similar to £309 with | 
| Mo 2.00-3.00 Mo added, C reduced) | 
ae C 0.20, Cr 25.0-28.0, ER310....| C 0.08-0.15, Cr 25.0,4 High strength, ductility useful in welding | 80 | 30 
| Ni 20.0-22.0 Ni 20.04 such hardenable steels as armor plate. | | 
Also weld clad steels 
RS eee ener eT Seer e Same uses as E309Cb | 80 25 
| Ni 20.0-22.0, 
| Cb+Ta 0.70-1.00 | | 
oo A ee eee reer rrr ere Same uses as E309Mo | 80 | 30 
| Ni 20.0-22.0, | | 
Mo 2.00-3.00 | 
a C 0.15, Cr 26.0-31.0, . |........... Primarily weld cast alloys of similar com- 95 22 
| Ni 8.5-10.5 position. A recent use: weld dissimilar 
metals when one is high in nickel 
-. C 0.08, Cr 17.0-20.0, ER316....| C 0.08, Cr 18.0-20.0, Weld similar alloys containing 2 to 3% 80 30 
| Ni 11.0-14.0, Ni 12.0-14.0, Mo. Molybdenum content provides 
| Mo 2.00-2.50 Mo 2.0-2.5 creep resistance at high temperatures 
E316ELC ..| C 0.04, Cr 17.0-20.0, Ni | ER3IGL...| C 0.03, Cr 18.0-20.0, Ni | Primarily weld extra low carbon, molyb- 75 30 
| 11.0-14.0, Mo 2.00-2.50 12.0-14.0, Mo 2.0-2.5 denum-bearing austenitic alloys 
2) Ae C 0.08, Cr 18.0-21.0, Ni | ER317....| C 0.08, Cr 18.5-20.5, Ni | Weld similar alloys that must meet severe 80 30 
| 12.0-14.0, Mo 3.00-4.00 13.0-15.0, Mo 3.25-4.0 corrosion requirements involving sul- | | 
| furic and sulfurous acids, salts | 
] ae gL rrr, Primarily weld metals of similar composi- 80 | 25 
11.0-14.0, Mo 2.00- tion (identical to E316 with Cb added) 
2.50, Cb+Ta 1.00¢ 
an C 0.25, Cr 14.0-17.0, ER330....| C0.15-0.25, Cr 15.0-17.0, | Repair defects in alloy castings; weld 75 25 
Ni 33.0 min Ni 34.04 similar alloys. Nickel content gives heat 
and scale resistance above 1800 F 
0 ee C 0.18, Cr 18.0-21.0, Ni | ER347....| C 0.08, Cr 18.5-21.0, Ni | Usually weld Cr-Ni alloys of similar com- 80 30 
9.0-11.0, Ch+Ta 1.00! 8.5-10.5, Ch+Ta 1.00¢ position stabilized with Cb or Ti 
ere C 0.12, Cr 11.0-14.0, ER410....| C0.07-0.12, Cr 12.0-14.0, | Weld similar alloys; deposit overlays on | 70 20 
Ni 0.60 Ni 0.6, Mo 0.6 carbon steels for corrosion, erosion and | 
abrasion resistance. Air-hardening, it 
requires preheat and post-heat treat- 
ment to obtain ductility 
paenahd CeSGE. 4 Geapanentedscscdueds ER420....| C0.25-0.40, Cr 12.0-14.0, | Similar to E410, but better resistance to — — 
Ni 0.6 corrosion, abrasion 
0498. ..... C 0.10, Cr 15.0-18.0, ER430....| C 0.10, Cr 15.5-17.0, Similar to E410. Cr limit gives adequate 70 20 
Ni 0.60 Ni 0.6 corrosion resistance, yet retains ductility 
are C0.10, Cr 4.0-6.0, Ni0.40, | ER502....| C 0.10, Cr 4.5-6.0, Ni 0.4, | Weld similar metals, usually pipe or 60 20 
Mo 0.45-0.65 Mo 0.45-0.65 tubing 
* The complete classification numbers are Ezzz-16 or Exzz-16. The —16 suffix indicates a lime covering, —16 a lime or titania covering. Polarity 


and welding position requirements are the same as those listed in chart 2 for Exx—15 and Exx-16. 
> Maximum percentages unless otherwise specified. Carbon analysis required to nearest 0.01%. 
* For consumable electrode welding, d.c. reversed polarity is preferred. 


¢ Minimum. 


¢ Minimum is 6 x C. 





{ Minimum is 8 x C. 






« Minimum is 10 x C. 
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Welding Electrodes and Rods—continued 


4—RODS AND ELECTRODES FOR WELDING CAST IRON 








| 





























AWS-ASTM | 
Class* & Common Name» Welding Method Remarks Uses 
BOR wickivees Cast iron Oxyacetylene Produces machinable deposit of same | Fillin or build up new or worn gray iron 
| color, composition and structure as castings. General fabrication, salvage, 
base metal repair 
eee Cast iron Arc; a.c. or d.c. re- | Basically RCI with heavy covering. Weld | Weld and repair gray iron castings; 
versed polarity metal flows readily; light slag easily faster than oxyacetylene for repairing 
removable small defects 
RCI-A........ Alloy cast iron Oxyacetylene Similar to RCI but higher melting. Weld | Gray or alloy cast iron to obtain greater 
metal more fluid ; welding more rapid tensile strength and finer grain struc- 
| ture than RCI 
RCuZn-A’..... Naval brass Oxyacetylene Better strength, corr res than basic | Where color match is not required and 
60 Cu-40% Zn alloy. Deposits 70-90 weldments are not subject to electro- 
| Bhn lytic corrosion or high temperature 
service 
RCuZn-Be..... Manganese bronze | Oxyacetylene Better strength, hardness ,corrresthan | Same as above 
60 Cu-40% Zn alloy. Deposits 80-110 
| Bhn 
RCuZn-Ce..... Low-fuming bronze | Oxyacetylene | Diminishes zinc oxidation (fuming). | Same as above 
Slightly higher mechanical proper- 
ties than naval brass or manganese 
bronze; deposits 80-110 Bhn 
RCuZn-D°..... Nickel bronze Oxyacetylene Color is silver rather than yellow. Low | Same as above 
fuming. Deposits 90-110 Bhn 
ECuAl-A2¢, Aluminum bronze Electrodes—arc weld- | Low m.p. permits rapid welding to | Weld the new higher strength cast irons. 
RCuAI-A2°¢ (9-11 Al, 1.5% Fe) ing; a.c. and d.c. re- minimize distortion. Yild and ten str Overlay corrosion and wear resistant 
versed polarity. Rods twice those of ECuSn alloys (below) surfaces 
—carbon arc welding 
ECuSn-A?..... Phosphor bronze Arc; d.c. reversed po- | Deposits 70-85 Bhn Weld cast iron and overlay bearing and 
(4.8-5.8% Sn) larity corrosion resistant surfaces 
ECuSn-C¢..... Phosphor bronze Same as above | Deposits 85-100 Bhn. Higher yld and | Same as above 
(7.0-9.0% Sn) ten str than ECuSn-A 
ee Nickel Arc; flat specified but | Rapid, widely used. Even without pre- | Weld ordinary gray irons to themselves 
other positions have heating, deposits can be machined or to other ferrous and nonferrous 
been used materials; light and medium-sized 
castings. Reclamation and repair 
Ses nadewus Nickel-iron Same as above | Same as above, but higher ten str and | Weld various cast irons to steel and 
ductility other ferrous and nonferrous mate- 
rials; heavy and highly stressed sec- 
tions. Better than ENiFe for castings 
containing more than 0.20% P 
ENiCu-A....... Nickel-copper Same as above Similar to ENiFe Similar to ENiFe 
(55-60% Ni) 
ENiCu-B...... Nickel-copper Same as above Similar to ENi Similar to ENi 
(63-70% Ni) 
er ye Mild steel Arc; a.c. or d.c. re- | Designated specifically for cast iron; | Largely confined to repair of small pits 








versed polarity 





has alow m.p. Covering and deposits 
not readily machinable 





and cracks in cast iron; some larger 
repairs if casting requires no ma- 
chining 





* Chemical symbols for the major elements of the composition are used to classify these rods and electrodes. In other cases, CI = cast iron and 
St = steel. The letter, or letter and number, following the hyphen indicates a modification of a standard composition. 

> For exact chemical composition as manufactured, see ASTM A398-56T. 

© Also a standard classification under Copper and Copper Alloy Welding Rods. 

4 Also a standard classification under Copper and Copper Alloy Welding Electrodes. 


Other welding processes. Each process has variants 
not described and less commonly used. There are 
also special processes such as flow welding, forge 
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welding, thermit welding and induction welding. All 
of these are described in detail in the Welding Hand- 
book of the American Welding Society. 








Butt Weld Edge Joint 


Fig 1—The five basic welding joint designs. 


—— 


Bead Weld 


me 
2 ae 


ae, 


Groove Weld 


Tee (Fillet) Joint 





Fig 2—The four basic weld types for arc and gas welding. 


Axis of weld— 


va, 
, = 


Flat Position 


Axis of 
weld 


Fig 3—The four basic welding positions. 


5—RODS FOR GAS WELDING IRONS AND STEELS * 








AWS-ASTM Weld | Min Ten Str, | Min Elong 
Class & Treatment 1000 psi (in 2in.), % 
eee 65 20 
es 72 17 
eee iiss ceeake 60 25 
MRA as sevckne 62 20 
Gs is sveceun Seer 50 28 
Acax irc nds 52 23 
errr ee SR..... 65 18 
ee 72 15 
GE dtd cessed iid cidadnses 60 20 
cn titan ce 62 15 
Eb dn 'es00s. 00 RTS 45 -- 














* Mechanical tests are performed on welds made by either %- or 
\4-in. rods and on plates % in. thick (except GB45 which requires 
a %-in. plate). 

> SR = stress relieved; NSR = non-stress relieved 


Design Factors 


Welding is a basic production method whose end 
product is a metal part or form termed a “weld- 
ment.” Weldments must be considered in competi- 
tion with castings, forgings and other fabricated 
forms, as well as other joining methods. 











Horizontal Position 


Corner.(Fillet) Joint Lap Joint 
Fillet Weld Plug Weld 
Axis of weld ——> 


ee 


Axis of weld 


RSS 


eee 


/ 


- 














NH 


Vertical Position Overhead Position 


Sizes and shapes. A wide range of thicknesses, sizes 
and shapes can be joined by welding. Parts as thin 
as 1 mil and as thick as 20 in. have been welded 
commercially. Plate and sheet stock are the most 
widely used forms, but forgings, castings, extrusions 
and rolled shapes are also used in fabricating weld- 
ments. 


Tolerances. The two principal factors influencing tol- 
erances are distortion from the welding operation 
and the tolerances of the metal forms that make up 
the weldment. The tolerances on the various metal 
forms, such as flat stock, castings, forgings and 
rolled sections, are easily obtainable. But degree of 
welding distortion is a function of a great many 
things, and exact values cannot be given. The fol- 
lowing tolerances seem to be those most commonly 
achieved: 


1. Small parts containing very little welding, 
% in. 

2. Moderately large parts containing a small 
amount of welding, % in. 


3. Large structures containing moderate amounts 
of welding, % in. 


4. Large, complicated structures, and structures 
containing large amounts. of welding, % to % in. 
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continued 


Joining and Fastening of Materials 


Welding Electrodes and Rods—concluded 


6—COPPER AND COPPER ALLOY RODS AND ELECTRODES 
































AWS-ASTM Welding | Min Ten Str, | Brinell 
Class & Common Name Method® Current, Polarity | 1000 psi | Hardness Applications 
ECu, RCu....| Copper IGMA (E,R), | D.c. straight 25 25-40 Light gage Cu up to %¢ in.- 
CA (R), | Re; heavier gage—E. De- 
OG (R) oxidized Cu (R)® 
ECuSi, 
RCuSi-A....| Silicon bronze IGMA (E, R), D.c. reverse (E), 50 80-100 Primarily for welding Cu, CuSi 
(Si 2.8-4.0%) SMA (E), d.c. straight (R) | and CuZn to themselves 
CA (R), | (E, R) and to steel (R)°‘. 
OG (R) Mtl over Ye in. thk (E).4 
Silicon bronze; overlay for 
| corrres (E)¢. CuSi alloys (R)° 
RCuSi-B...... Silicon bronze CA, OG D.c. straight 35 60-85 Red brass pipinge. Cu, CuSi 
(Si 1.02-2.0%) ' and CuZn‘; Cu to steel!; 
| galvanized iron 
RCuSn Phosphor bronze CA, IGMA-NC | D.c. straight 35 70-85 | Cue! and CuSne 
(Sn 4.0-6.0%) 
ECuSn-A i Phosphor bronze SMA, IGMA-C | D.c. reverse 35 70-85 | Weld phosphor bronzes of simi- 
(Sn 4.8-5.8%) lar comp. “A” and “C”’ (be- 
low) used interchangeably 
| for Cu, brasses, bronzes, 
cast iron, dissimilar metals 
ECuSn-C i....| Phosphor bronze SMA, IGMA-C | D.c. reverse 40 85-100 Same as above, but “C”’ pro- 
(Sn 7.0-9.0%) | vides higher ten and yld str, 
higher hardness 
ECuNi, RCuNi| Copper nickel SMA (E), D.c. reverse (E), 50 60-80 | CuNi alloys (10-30%) to them- 
OG (R), d.c. straight (R), selves to provide good corr 
IGMA-NC(R) a.c. (R) res 
RCuZn-A'‘....| Naval brass BW, OG — 50 70-90 | Brass*. Cu, bronze, Ni alloys, 
steel, cast and malleable 
iron® 
RCuZn-Bi....| Manganese bronze | BW _— 55 80-110 _ Steel and cast iron». As surfac- 
ing filler metal for building 
| up bearings 
RCuZN-C i....| Low-fuming bronze | BW, OG — | 57 80-110 General purpose 
RCuZn-D i....| Nickel bronze BW, 0G ~ | 60 90-110 Steel and cast iron® 
ECuAI-Al, 
RCuAI-Al...| Aluminum bronze | IGMA (E, R), D.c. reverse (E), 55 100-158 (E), | Annealed aluminum bronze 
(iron-free) CA (R) a.c. (R)°, d.c. 100-130 (R)‘,| plate, sheet and strip (E, R). 
straight (R)°-£ 100-150 (R)*| Repair castings (E, R)°*. 
| Overlay bearing and corr 
res surfaces (E, R)° 
ECuAl-A2 ;, 
RCwAI-A2‘.| Aluminum bronze | IGMA (E, R), D.c. reverse (E)4-¢, 60 (E), 65 (R) 130-150 (E)#,; Aluminum bronze, high str 
(Fe 3.0-4.25%) SMA (E), d.c. straight (R)° ‘, 150-170 (E)¢,, CuZn alloys, silicon bronze, 
CA (R) a.c. (Es, Re) 100-130 (R)*,|__ nickel alloys, ferrous alloys, 
100-150 (R)*| dissimilar metals. Repair 
| castings; overlay bearing and 
corr res surfaces 
ECuAl-B, | 
RCuAI-B...| Aluminum bronze | SMA (E), D.c. reverse (E), 65 (E), 70 (R) 140-180 (E), | Similar to above, but provides 
(Fe 3.0-4.25%) CA (R), d.c. straight (R) °4, 140-180 (R)‘,, higher phys prop. Weld non- 
IGMA-NC(R)| —a.c. (E, R°) 180-220 (R)°| ferrous metals to steel (E,R)° 











® Method symbols are: IGMA = inert-gas metal arc welding (-C = consumable electrode; -NC = nonconsumable electrode); OG = oxyacetylene 
welding, CA = carbon are welding, SMA = shielded metal arc welding (covered electrodes), BW = braze welding. 

> Rockwell F. f Carbon arc welding. 

¢ Inert-gas metal arc (nonconsumable electrode) welding. & Shielded metal arc welding (covered electrode). 

4 Inert-gas metal arc (consumable electrode) welding. h Braze welding. 

¢ Oxyacetylene welding. i Also a standard classification under Rods and Electrodes for Welding Cast Iron. 


Welding positions. Welds are classified by four basic 
positions; for each, certain electrodes are recom- 
mended or not recommended. The position terms— 
flat, vertical, horizontal and overhead—can be ap- 
plied to all types of welds, but they are illustrated 
here for the groove weld (see Fig 3). 


Joint design. There are five fundamental types of 
arc or gas welded joints (see Fig 1) and four basic 
types of welds (see Fig 2), but variations of these 
are used to satisfy particular requirements. Resis- 
tance welding commonly employs the lap joint, 
although flash welding requires a butt joint. 
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® Used with shielded metal arc welding process. 

b These electrodes are used to join alloys of same composition as the 
electrode. When first digit of designation is 3, 
primarily to join similar alloys to themselves; when first digit is 4, 
electrode is used to weld a nickel or nickel-base alloy to steel, to 
overlay a nickel or nickel-base alloy on steel, or to weld the clad side 


of nickel or a nickel-base alloy clad steel. 


¢ Used to weld not only mill products but also castings of suitable 


welding quality 


4 Also used to weld such copper-nickel alloys as 70-30, 80-20 and 90-10 


to themselves. 


electrode is used 


e Also used for a number of dissimilar metal combinations. 


f Age hardened 


¢ Also used to weld alloys of similar composition to steel-clad materials 


or other metals. 


8—NICKEL AND NICKEL ALLOY RODS 


AND BARE ELECTRODES 














AWS-ASTM Common Welding 
Class* | Alloy Name Method» 
RN40........] Nickel-copper (Mn 2, | Monel | OGe 
Al 0, Ti 0) | 
ERN6O....... Nickel-copper (Mn 1, | Monel IGMA, At. He 
Al 1.25, Ti 1.50-3.00) | 
RN41 Nickel (Mn 0.35, Nickel | OGe 
Fe0.40,Ni97 min, | 
Al 0, Ti 0.50) 
ERN61 Nickel (Mn 1, Fe 1, Nickel IGMA, At. H» 
Ni 93 min, Al 1.50, 
Ti 2.00-3.50) 
RN42 Nickel-chromium-iron | Inconel OG, IGMA? 
(Ni 72min, Cb+Ta0)| | 
ERN62 Nickel-chromium-iron | Inconel | IGMA, At. He, 
(Ni 70 min, Cb+Ta | OG 
1.50-3.00) 
RN43.. Nickel-copper-silicon | — | OGe 
ERN64....... Nickel-copper- K Monel IGMA, At. He‘ 
aluminum 
ERNGS....... Nickel-chromium- | Inconel X* | IGMA, At. He‘ 
iron-titanium | 
ERN6N....... Nickel-chromium- Nimonic 7s | IGMA, At. H. 
titanium 
ERN7B Nickel-molybdenum | HastelloyB | At. Ho, IGMA, 
Sub Arc 
i | ee Nickel-molybdenum- | HastelloyC | At. Hs, IGMA, 
chromium (Cr 14.5- Sub Arc 
16.5, Mo 15-17, 
W 3.00) 
ERN7TW...... Nickel-molybdenum- | Hastelloy W* | At. Ho, IGMA, 
chromium (Cr 4-6, Sub Arc 
Mo 23-26, W 0) 








* These rods and electrodes are used to weld alloys of similar com- 


position. 


b For the IGMA process, argon and d.c. reversed polarity are preferred 
for electrodes; either argon or helium and d.c. straight polarity with 


rods. Welding method symbols 


used are: OG =oxyacetylene; 


IGMA = inert-gas metal arc; At. H2=atomic hydrogen; Sub Arc = 


submerged arc. 


© Gross porosity usually results when arc welding is employed. 
4Do not use inert-gas metal arc method on sheet \& in. thick and 


heavier. 


*Used to weld monel which has 55-60% Ni, or any monel when 


absence of flux desirable. 
f Responds to age hardening. 
© Used to weld Inconel X and Inconel W. 


b Used to weld such dissimilar metal combinations as Cr-Ni-Fe steels 


to cast cobalt alloys. 







7—NICKEL AND NICKEL ALLOY COVERED ELECTRODES * 





Common | Min Ten Str, 





AWS-ASTM 
Class> & Alloy Name 1000 psi 

ees bcuseae Nickel-copper (C0.40, | Monel¢-4 70 
Mn 4, Cbh+Ta 0%) 

E3N11 Nickel (C 0.75) | Nickel 55 

A Nickel-chromium-iron | Inconel ¢ 80 

eer Nickel-copper- | K monele 100! 
aluminum 

E3N19 Nickel-chromium- Inconel X 115! 
iron-titanium 


E3N1B, E4NiB.. 
E3NIC, E4NiC.. 

ch 
Nick 





Nick 


Nickel-molybdenum 
Nickel-molybdenum- 


Mn2.50, Cb-+Ta3%) 
Nickel (C 0.10%) 


| Hastelloy Be 100 
Hastelloy Ce 100 

romium 

el-copper (C 0.15, | Monel — 


Nickel _ 


el-chromium Inconel — 





9—ALUMINUM AND ALUMINUM ALLOY 


RO 


DS AND ELECTRODES 





AWS-ASTM 
Class & 





Major Composition 


As Manufactured | Alloys Weldeds 





BARE ELECTRODES AND RODS® 


R-996A, E-996A...... 
R-990A, E-990A...... 


R-GM50A, E-Gm50A. 
R-GR20A, E-GR20A. 


R-GR40A, E-GR40A.. 


R-MG11A, E-MGI11A. 
R-SSB, E-S5B....... 





Al 99.6 min 996A 

Al 99.0 min 990A, MIA, GIA, 
clad MIA 

Cu 4.0-5.0 CS42A, C4A 

Cu 3.5-4.5, Ni 1.7-2.3 CN42A 

Cu 3.9-5.0, Si 0.50-1.2 Clad CS41A 

Mg 1.0-1.8 MIA, GIA, clad 

| MIA 

Mg 4.9-5.6, Mn 0.05-0.20 | MG11A, Gr20A, 

clad MG11A, 


GS42A, GS11A 
Mg 2.2-2.8, Cr 0.15-0.35 | MG11A, GR20A, 
| clad MG11A 
Mg 3.1-3.9, Cr 0.15-0.35 | MG11A, GR20A, 
| GSI1IA, clad 
MG11A, GS42A, 
| GR40A 
| MG11A, clad 
| MGILIA 
M1A, MG11A, GIA, 
GR20A, CS1IA, 
clad M1A, clad 
MG1I1A, S5A 
_ SC5IA 


Mn 1.0-1.5, Mg 0.8-1.3 
Si 4.5-6.0, Bi 0.05 


Si 4.5-5.5, Cu 1.0-1.5 
Si 6.5-7.5, Mg 0.20-0.40 | SG70A 
Zn 5.2-6.0, Mg 0.50-0.65 | ZG61A 





COVERED ELECTRODE 


Se 





SP Ernssccssaesecehe 


0 i ere 


Pure aluminum 
(min ten str 
| 12,000 psi) 
Si 4.5-6.0, Al bal | General purpose 
| (min ten str 
14,000 psi) 


Al 99.0 min 








® These ASTM alloy designations apply to all forms except die castings. 
> Welding methods include gas, shielded carbon arc, inert-gas metal 
arc and atomic hydrogen. 


© Used with d.c. current, preferably in flat position. 
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Joining and Fastening of Materials 


Adhesives 


Selection 


Classification. There are many ways to classify 
adhesives, none of which is satisfactory by itself. 
The five tables included here, each using a different 
breakdown, must therefore be referred to as a group. 
Classifying by chemical composition (Table 1) is 
most usual, but the newer modified compounds are 
omitted because they represent the blending of 
several chemical groups, and because the use of 
tradenames often obscures the chemical designation. 
In addition, in only a limited sense is the relationship 
between the type of materials being joined and the 
chemical type of the modified compounds a factor in 
selecting the adhesive. 

These new adhesive “alloys” include: phenolic elas- 
tomers (e.g., phenolic-neoprene, phenolic-Buna N); 
vinyl phenolics (phenolic-vinyl, phenolic-polyvinyl 
butyral, phenolic-polyvinyl formal); modified epoxies 
(epoxy-phenolic, epoxy-polyamide, epoxy-polysulfide) . 

The other four tables apply to the single-resin 
adhesives as well as to these new modified compounds. 
In addition there are two factors which must be 
given more attention than the tables indicate: 


Time. All classifications (as well as tack and bond 
strength properties) are related to time in various 
ways—shelf and pot life, tack life, length of time 
of application of heat and pressure, time lapse before 
handling parts, time lapse before end service. 


End service conditions. Only by knowing and con- 
sidering all the factors of end service, as well as all 
factors discussed in the tables here, can the formu- 
lator recommend a particular chemical composition 
with particular bonding requirements, vehicle, form 
and flowability. New formulations are devised where 
necessary. Also, it is not uncommon to use two ad- 
hesive formulations (allowing the first to dry before 
applying the second) to obtain the desirable advan- 
tages of each, or to obviate an undesirable effect of 
contact between the second adhesive and the surface. 


Lap and Butt Tee 


Tube and Pipe 
Joints Joints 


Joints 


* SISESSSA 
LA hh hddbdhbddidddded 








YA, 


Some examples of good joint design. 
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Definitions 


Emulsion. Adhesive type in which basic resin 
is a water-insoluble liquid (or solid particles) 
stably dispersed in water. Emulsifying agents 
are added to decrease surface tension. Some 
emulsions also contain a small amount of sol- 
vents (5%) to increase tackiness and improve 
water resistance. 


Glue line thickness. Thickness of the fully dried 
adhesive layer. 


Lay down thickness. Thickness of the applied 
wet adhesive coating. 


100% reactive. Also “100% solids.” Generally a 
modified epoxy resin-base paste, this adhesive 
type contains no solvent and cures at room 
temperature or higher. 


Pot life. Length of time adhesive remains 
usable after being put into serviceable con- 
dition. 


Shelf life. Length of time adhesive can be 
stored without deterioration (also known as 
“can stability”). 


Solvent dispersion. Adhesive type in which 
basic resin is in solvent solution and bonding 
is done by evaporation of the solvent (solvent 
release). A wide variety of solvents are used: 
ketones, toluol, naphtha, hydrocarbons, alcohol, 
acetone, etc. Solvent content generally varies 
from 10 to 50% for thermoplastic and thermo- 
setting adhesives, from 50 to 95% for elasto- 
meric. 


Tack. The charateristic (“stickiness”) that 
causes one surface, coated with adhesive, to 
adhere to another upon contact. Tack time may 
range from a few seconds to an almost inde- 
finite period. 


Wet strength. The bond strength realized im- 
media. .y after adhesive-coated surfaces are 
joined and before cure occurs. 





Methods 


Adhesive bonding lends itself to complex automatic 
set-ups using spray guns, flow guns, paint rollers, 
etc. to apply the adhesive; pressure rolls, heavy 
presses, ovens, autoclaves, etc. to develop the bond. 
However, hand bonding with solvent-dispersed ad- 
hesives is common, and an understanding of the five 
steps involved can be applied to other methods: 


1. Surface preparation—Surfaces should be smooth; 
must be clean and dry. Precleaning generally in- 
volves abrasive or chemical cleaning (ceramics, 
metals), light sanding (wood), chemical removal 
of mold release or plasticizer bloom (rubber, 
plastics), etc. 


2. Adhesive preparation—Placing adhesive in a serv- 
iceable state may require mixing, thinning, reacti- 
vating, etc. 

3. Applying adhesive—Varies from sticking coated 


film or tape or nameplate in place to use of trowel, 
squeeze bottle, hand roller, brush, etc. 














1—CLASSIFIED BY CHEMICAL COMPOSITION GROUP 





Type »> 


Natural 


Thermoplastic 


Thermosetting 


Elastomeric 





Examples of Type 


Casein, blood albumin, hide, | 


bone, fish, starch (plain and 
modified) ; rosin, shellac, as- 
phalt; inorganic (sodium 
silicate, litharge-glycerin) 


Polyvinyl acetate, polyvinyl! 
alcohol, acrylic, cellulose 
nitrate, asphalt, oleoresin 


Phenolic, resorcinol, phenol- 
resorcinol, epoxy, urea, 
melamine, alkyd 


Natural rubber, reclaim rub- 
ber, butadiene-styrene (GR- 
S), neoprene, acrylonitrile- 
butadiene (Buna-N),  sili- 
cone 





Most Used Form 


Liquid, powder 


Liquid, some dry film 


Liquid, butallformscommon 


Liquid, some tape 





Common Further 
Classifications 


By vehicle (water emulsion 
is most common but many 
types are solvent disper- 
sions) 


By vehicle (most are solvent 
dispersions or water emul- 
sions) 


By bonding requirements 
(heat and/or pressure most 
common but some are cata- 
lyst types) 


By bonding req (all are com- 
mon). Also by vehicle (most 
are solvent dispersions or 
water emulsions) 





Bond Characteristics 


Wide range, but generally 
low strength; good res to 
heat, chemicals 


Good to 150-200 F; poor 
creep strength; fair peel 
strength 


Good to 200-500 F; good 
creep strength; fair peel 
strength 


Good to 150-400 F; never 
melt completely; low 
strength; high flexibility 





Major Type of Use 


Household, general purpose, 
quick set, long shelf life 


Unstressed joints; designs 
with caps, overlaps, stiff- 
eners 


Stressed joints at slightly 
elevated temp 


Unstressed joints on light- 
weight materials; joints in 
flexure 





Materials Most 
Commonly Bonded 





Wood (furniture), paper, 
cork, liners, packaging 
(food), textiles, some metals 
and plastics. Industrial uses 
giving way to newer types, 
esp in woodworking 





Formulation range covers 
all materials, but emphasis 
on nonmetallics, esp wood, 
leather, cork, paper, etc., 
because these are less 
likely to require stressed 
joints 





Depends greatly on specific 
type: epoxies for dissimilar 
materials and plastics; phe- 
nolics for metal, glass and 
wood ; ureas and melamines 
extensively for wood ; alkyds 
for metal laminations. 





Few used “straight” for 
wood, rubber, fabric, foil, 
paper, leather, plastics films; 
also as tapes. Most modi- 
fied with synthetic resins 





2—CLASSIFIED BY BONDING TYPE* 





























General Type Specific Types Available> Forms Used Remarks 
ee 
Heat Rm temp to 450-F types available; 250 to | Formulated in all forms; liquid most com- | Applying heat will usually increase the 
350-F types most common mon bond strength of any adhesive, even rm 
temp types 
Pressure Contact to 500-psi types available; 25 to | Formulated in all forms; liquid-+ powder | Pressure types usually have greater 
200-psi types most common most common strength (not true of modified epoxies) 
Time Types requiring a few seconds to a week | Formulated in all forms Time required varies with pressure and 
available; 4% to 24-hr types most common temp applied and immediate strength 
Catalyst Extremely varied in terms of chemical | Two components—paste (or liquid) + | Sometimes catalyst types may require 
cataiyst required; may also contain thin- | liquid elevated temp (<212 F) and/or pressure 
ners, etc. instead of, or in addition to, a chemical 
agent 
Vulcanizing Varied typec requiring addition of a | Two liquid components Premixed types requiring 250 to 350 F for 
chemical agent (usually sulfur); may also vulcanization are available 
contain a catalyst 
Reactivation Types requiring heat or solvent or second | Dry film or previously applied liquid Heat type is best for nonporous surfaces 
coating of adhesive and/or max strength 








* Formulations may be a combination of two or more of these types. 
> Types stated as being most common refer to modified or “‘alloy”’ adhesive compounds. 


4. Assembly—Accomplished during tack life of ad- 
hesive (5 min to 1 hr for porous surfaces, but can 
be extended) or after reactivating dried coating. 
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5. Bond development—Drying out of the solvent 
usually takes 1 to 60 min. Heat can be applied by 
warm air, infrared lamps or hot plate; pressure by 








continued 








Joining and Fastening of Materials 


Adhesives—concluded 


3—CLASSIFIED BY VEHICLE* 





Type »> 


100% Reactive 


Solvent Dispersion Water Emulsion (“100% solids’) 





Form 


Liquids, pastes, tapes, supported films | Liquids | Pastes, films 





Adhesive Alloy 





Usually modified epoxies (others for films) 


Elastomer (rubber or vinyl butyral) + | Reclaimed rubber + asphalt; milk latex | 
thermosetting resin (phenolic, sometimes | 
epoxy or alkyd) | 





Bonding 
Requirements 





Usually pressure and/or heat, solvents | Heat and/or pressure 
(reactivation type) 





| Contact pressure; choice of rm temp or 
| heat curing 











Advantages 


Flowability; easy to apply in film or tape | Most inexpensive of the three. Elimi- | No time wait for solvent release. Elimi- 
form and from dispensing bottles. Can | nates fire hazard. Consistency can be | nates fire hazard. No attack on vulner- 
be reactivated after drying. Allows | varied by adding water | able adherends. High heat resistance. 
widest choice to formulator | Fills voids 





Limitations 


Care must be taken to allow for solvent | Usually limited to bonding where at least | Peel, stretch and impact properties not 
release if both surfaces are nonporous | one surface is nonporous. Some types | usually as high as in others. Not freely 


| 


(not usually recommended). Solvent | require high pressure. Freezing dam- | flowing. Usually supplied as two-com- 








may interact unfavorably with certain | ages bonding properties 








| ponent adhesive requiring mixing. High 





plastics | shear strength falls rapidly above specified 
temp 
Remarks Elastomer adds flexibility, peel and im- | Curing characteristics highly influenced | Highly suited for metal-to-metal bonds, 
pact strength by added modifiers | electrical uses 
* This method of classification is the most common for modified compounds, but omits ‘“‘contact-bond” and “‘pressure-sensitive’’ adhesives. Contact- 
bond adhesives adhere to themselves for a specified period of time after the coating has dried. Pressure-sensitive types adhere to almost any surface 


for an almost indefinite period of time after drying. 


4—CLASSIFIED BY FORM 























Type # Remarks | Advantages 

Liquid Most common form; prac- | Easy to apply. Viscosity 
tically every formulation | often under control of user. 
available. Principally sol- | Major form for hand appli- 
vent-dispersed | cation 

Paste Wide range of consisten- | Lends itself to high pro- 
cies. Limited formula- | duction set-ups because of 
tions; principally 100% | less time wait. High shear 
solids modified epoxies | and creep strengths 

Powder Require mixing or heat- | Longer shelf life; mixed 
ing to activate curing in quantities needed 

Mastic Applied with trowel Void-filling, nonflowing 

Film, tape Limited to flat surfaces, | Quick and easy applica- 
wide range of curing ease | tion. No waste or run- 

over; uniform thickness 

Other Rods, supported tapes, | Ease of application and 
precoated copper for | cure for particular use 
printed circuits, etc. 











weighted hand rollers, metal weights or squeeze rolls. 
With nonporous surfaces, solvent must be dried out 
before final assembly pressure; for such application 
heat reactivation types are often used (applying heat 
and/or pressure after assembly of dried coated 
parts), but stronger bonds are developed by using 
100%-reactive adhesives rather than solvent-dis- 
persed. 
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5—CLASSIFIED BY FLOWABILITY* 

















Type # Form or Vehicle Type Advantages 
Flow Liquid, light or heated | Fills crevices, fills com- 
pastes, solvent disper- | plex joints, evens glue line, 
sion, water emulsion smooths surface 
Nonflow Heavy paste, trowelable | Applies vertically, requires 
mastic, void-filling epoxy, | no “clean-up,” fills voids 
100% solids | and gaps, does not sag 








® There is no fine line of distinction between these types. In addition, 
flowability is affected by such factors as: temperature, pressure, joint 
design, time left standing, mixing of catalysts or solvents. 


Joint Design 


Joints should be designed to keep the adhesive in 
shear and avoid cleavage and peel stresses. Typical 
good joint designs are shown by the accompanying 
sketches. 

The type of strength under consideration (par- 
ticularly peel vs shear) is extremely important in 
adhesive bonding. 

Joint properties are also a function of the thick- 
ness of the glue line. Shear and creep strength are 
highest for thin films (0.001 to 0.003 in.), but heavier 
films may exhibit higher flexibility, toughness and 
cleavage strength. 

Because there are so many factors involved in 
adhesive selection, compromise may be necessary. To 
aid the formulator in making this compromise, and 
to minimize cost, safety factors included in specifica- 
tions should be only as high as absolutely necessary. 





Mechanical Fasteners 


Mechanical fastening is the most versatile and 
most widely used method for joining materials and 
parts. In the broadest sense, mechanical fasteners 
can be classified in two groups: threaded types 
(semipermanent) and rivets (permanent). 


Threaded Fasteners 


Types. The accompanying table describes the most 
common types of threaded fasteners (including 
washers). Some other types include: 


Screws—In addition to variations (e.g., spanner 
heads, wing heads, split points), of every screw de- 
scribed, there are many special types, such as: seal- 
ing, twin head, one-way set and load-indicating. 


Bolts—Many special head variations are available 
for the bolts described. Two important types not 
listed are sealing bolts (designed with an integral 
rubber washer under the head) and blind bolts (ex- 
pander nut pulled back into sleeve by hydraulic gun, 
then core bolt inserted). Still more specialized bolts 
include: track, blow, tap, bent, load-indicating, 
crating, rib, and drive and locking stud bolts. 


Nuts—There are nuts to mate with almost every 
type of bolt described. Other types include: acorn, 
anchor, clinch weldments (attached by spot welding), 
roofing, wing or thumb, and grommets. 





Washers—Special types include: countersunk, seal- 
ing, sleeve, load-indicating, pipe and laminated. 


Thread series. Most common threads are designated 
“Unified and American” and are either “coarse” or 
“fine,” depending on the number of threads per inch 
for a specific diameter. The coarse series is for gen- 
eral use where quick assembly is desired; the fine 
series for aeronautical and similar work. Other series 
(e.g., 8-thread), as well as other standards (e.g., 
Whitworth), are in use. 


Thread class. Class refers to the tolerance in manu- 
facture and to the allowances permissible. The 
majority of screws and bolts are produced to class 
2A (external tolerances and positive allowances) ; 
nuts to 2B (internal tolerances). Where closeness 
of fit is required, classes 3A and 3B may be used. 
Various fits are obtained by combining male and 
female threads of different classes. 


Materials. Although the use of low carbon steel is 
widespread, all common metals, as well as some 
thermoplastics, are used in critical applications. To 
obviate galvanic corrosion, it is often desirable to use 
fasteners made from a material similar to those 
being joined. However, the corrosive effect must be 
weighed against such factors as increased strength 
and greater holding power. 


Screws—Carbon and stainless steels, brass, silicon 
bronze and aluminum are often standard or available 
on order. Special materials available in limited types 
include die cast zine alloys and several thermo- 
plastics (nylon is most common). Zine and cadmium- 
plated screws are often standard, and other electro- 
plates are available on order. Other finishes and 
coatings include anodized, carbonized and black oxide. 


Bolts and nuts—Carbon, alloy and stainless steels 
are standard for almost every type, but brass, naval 
bronze, monel and aluminum are often standard as 
well, Special materials available in some types in- 
clude: malleable iron, silicon bronze, titanium, sin- 
tered brass, nylon and other thermoplastics. Finishes 
and coatings include those available for screws. Nuts, 


however, are often supplied with one of the follow- 
ing additional finishes: nickel and _ silver-plated, 
molybdenum disulfide, chromate, phosphate, and 
chromium oxide diffusion. 

Washers—Most standard nut materials are also 
used for washers. Special materials include chro- 
mium-molybdenum steel, galvanized steel, vulcanized 
fibre and extruded nylon. Sealing washers generally 
are rubber—natural, silicone, neoprene or nitrile. 
Standard electroplated finish is usually cadmium, 
but zinc, nickel, tin, copper and chromium are not 
uncommon. Other finishes include phosphate and oil. 


Design. Details of design depend upon many factors, 
including the type, style and material of the fastener 
which has been selected after consideration of end 
service conditions, materials being joined, speed and 
ease of assembly required, and ease and frequency 
of disassembly required. Loading should be in shear 
rather than tension. When assembly of the fastener 
requires that pressure, sharp blows or torque be 
applied to one side of the joint, that side should be 
the one having the thicker or harder material. 


Descriptive nomenclature. Threaded fasteners are 
available with many types of shanks, heads, locking 
devices, etc.—some standardized and many not— 
which makes it impractical to define the hundreds of 
terms used. In addition, fastener terminology is apt 
to be overlapping, making it difficult, in theory, to 
distinguish between such items as bolts and screws, 
or machine screws and certain cap screws. Recent 
standards, for instance, include stove bolts with 
machine screws. 

In the accompanying tables types have been dis- 
tinguished according to general practice, rather than 
theory, as much as possible. In addition, the word 
“top” has been coined. Industry uses the word “head” 
for two purposes: to refer to the shape (generally 
as viewed from the side), and to refer to the design 
for a particular tool (generally recognizable by view- 
ing from the top). The word “top” used in the tabies 
refers to the latter. For example, a slotted round 
head (round as viewed from the top and slotted on 
top for a conventional screwdriver) is listed here as: 
top—slotted, head—round. 


Rivets 


Riveting is the fastest production fastening method 
of producing fairly strong joints with unskilled 
labor, yet with a high degree of consistency. Rivets 
are driven either hot or cold, by hammering or peen- 
ing or by applying steady pressure from one or both 
sides. The shear strength of solid rivet joints is 
equal to or higher than that of most common 
threaded fasteners. Tubular and split are lower in 
strength, particularly tensile. 

Design factors are similar to those for threaded 
fasteners. Joints are either lap or butt (using butt 
strap). Minimum recommended rivet spacing is 
usually three times the body diameter of the rivet. 
Allowable distances from edges are usually based on 
the rivet body diameter; 14D for hot-driven rivets 
and 2D for cold-driven. 

Materials from which rivets are fabricated include 
iron, low carbon steel, stainless steel, brass, copper, 
monel, aluminum, nickel silver and several thermo- 
plastics. Coatings and finishes of all types can be 
ordered. 

The accompanying table describes the most com- 
mon types of rivets. 


continued 
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Joining and Fastening of Materials 


Mechanical Fasteners—continued 


THREADED FASTENERS 













Type & 


Description 


| 


Made of... 


Selection Features 


Uses 





SCREWS 














Wood 


cross-recessed. Head—fiat, 
Thread—single, some double; 
Also drive screws, hanger bolts, 


Top—slotted or 
round or oval. 
point—gimlet. 
dowel screws 


Low and medium carbon 
steels; alloy and stainless | 
steel, monel, others | 


General use 


Wood, and thin sheets of 
other material to wood 












Top—hex or fluted socket; head—smooth or 
knurled. Top—slotted; head—round, flat, fil- 
lister or hex. Thread—coarse or fine; 8-thread; 
point-chamfer. Also top—plain; head—hex or 
knurled 


Carbon and stainless 
steel, brass, bronze, 
monel, aluminum 


General use with tapped 
holes or nuts. Shank usu- 
ally not fully threaded. 
Socket type (most used) 
has closer fit than ma- 
chine screws 


Fastening metal parte and 
components 











Machine 


Top—slotted or cross-recessed; head—round, 
flat, oval, undercut (flat or oval), fillister, truss, 
binding or pan. Also hex heads, tops plain or 
slotted. Thread—coarse or fine; point—sheared 


Carbon and stainless 
steel, brass, silicon 
bronze, monel, aluminum 





Same as cap, but usually 
full-thread shank and 
smaller dia. Slotted type 
most used, generally with 
nut 


Same as cap 





Tapping 
(thread- 
forming) 










ASA “‘A’’: Top—slotted or recessed; head—fiat, 
oval, round, pan, fillister, truss or hex; thread— 
spaced; point—gimlet. 
point. ‘‘BP’’: Same but cone point. 
but blunt tapered point and machine thread 


“B”: Same but blunt | 
“C”: Same | 


Case hardened steel; 
others on special order 


A—general sheet metal 
screw; B—heavier duty; 
BP—misaligned parts; 
C—higher strength 


All—Sheet metal, wood, 
asbestos, cloth to sheet 
metal. C-—Cast iron, 
zinc die castings, steel, 
bronze and brass forgings, 
plastics 





Drive screws. 1) Top—plain; head—round; 
point—dog; thread—multiple with large helix 
angle. 2) Top—plain; head—pan; point—cone; 
thread—annular in upper section, but lower sec- 
tion has multiple threads with large helix angle 


Case hardened steel; 
others on special order 


Forms mating thread as 
hammered or pressed; can 
be applied with hopper- 
fed machines 


Permanent fastenings. 1) 
Castings, heavy-gage 
sheet, plastics. 2) Fabric, 
leather or fiber to sheet 
metal 





Thread- 
Cutting 








ASA “D”, “F”, “G" and “‘T’’: Top—slotted or 
recessed; head—fiat, oval, round, pan, truss or 
hex; thread—machine; point—blunt. Types dif- 
fer in cutting edge: D—one off-center slot; F— 
several flutes; C—one centered through-slot; 
T—one wideslot. ASA “BF’’, “BG” and “BT” 
similar to F, G and T, respectively, but have 
spaced thread 





Case hardened steel; 
stainless steel on special 
order 








Lock 








Various proprietary types, such as: 1) pre- 
assembled lead washer; 2) variation of A.N. 
thread form; 3) longitudinal insert; 4) nylon 
pellet insert; and 5) annular expansion insert. 
Other types include: preassembled screw and 
lock washer, screw with locking teeth under 
head, slotted head fitting into counterbored hole 
with insert forced into slot. Also, liquid 
sealants used with standard screws 


| 


1—Heat treated alloy | 
steel. 2—All std screw | 
mtls. 3—Steel (incl stain- 


less), brass, aluminum; 
insert is fluorocarbon 
plastic. 


stainless steel, aluminum 
alloy, brass, bronze. 5— 
Heat treated alloy steel; 


4—Carbon and 
| 
| 
insert is bronze 


Minimum driving torque; 


fewer chips; increased 
resistance to stripping 
out 





As above, but thin sec- 
tions, particularly bosses 
in brittle plastics, ply- 
wood 





1— Washer extrudes 
around tapered head. 
2—Locks on full length of 
thread by reforming mat- 
ing thread. 3—lInsert 
does not project, has 
gradual torque build-up. 
4—Insert projects 
slightly, locks whether or 
not screw is_ seated. 
5—Insert expands when 
compressed, remains 
when screw is removed 





Widely used, esp in mass 
production. Various types 
allow joining all metals 
and many plastics. Par- 
ticular use depends on 
such factors as: permanent 
or disassembly; ease of 
assembly; amount of 
torque to assemble or 
disassemble; type of stress 


—rotational, vibration, 
thermal; sealing prop- 
erties 











Fillister 


MACHINE SCREW HEADS 





Pan 





Truss 


pm cil 


Oval 
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Hex 


3 








Hex Washer 


Flat 





Binding 







THREADED FASTENERS—continued 








Type } 





Description 


Made of... 


Selection Features 






Uses 





Regular 


(general use) 


BOLTS AND NUTS 


| 
| 


| 
| 
| 
| 
} 











| fered corners); coarse threads. 


External hexagon or square head, generally used 
with nut ofsameshape. ‘‘Regular’’—unfinished 
(not machined on any surface except threads); 
coarse threads. ‘‘Regular semifinished’’—bolt 


heads and nuts are machined on bearing surface | 


to provide washer face (or nuts may have cham- 
‘Finished’ — 


| same as regular semifinished but closer body 


tolerance; threads—coarse, fine and &-thread. 


| Std machine screw nut is “regular”, but has 





| | 
| Carbon and alloy steel, | Longer bolts are similar 


| 
| 


stainless steel, brass, 
naval bronze, monel, alu- | 
minum 


to hexagon cap screws, 
shorter to hexagon ma- 
chine screws, but the hex 
head is more common 
with bolts, as is the use 
of nuts. Bolts come in 
greater standard lengths, 
are sturdier (larger body 


| diameter and head 










Widely used for all mate- 
rials. For larger parts 
and greater stresses than 
screws. Where material 
too soft or hard, or too 
thin, to be tapped. Where 
threaded shanks easily 
accessible 







































smaller diameter holes height), and are classified 
——__—__—+ | in a different manner. 
Heavy As above, but bolt heads and nuts are thicker | Same as above Also, unlike screws, the | As above, but where more 
(heavy duty) | and also wider across flats. Minimum standard | | bolt head is usually held | strength is required, or 
bolt length is longer. Types are: Heavy (un- while the nut is turned where holes have larger 
finished), Heavy Semifinished and Heavy clearances, or where 
Finished greater length required 
Jam Nut Similar to Regular or Heavy, but thinner Same as above Higher shear str; lower | Often used with full nut 
ten str than above for locking action 
Lag Bolt | Head—square; point—gimlet or cone. Also | Low carbon steel — Fasten wood together or 
| known as lag screw any material to masonry 
Round Head | Two body styles (std dia and undersized) with | Carbon and alloy steel, | These bolts differ in the | For 1) wood, 2) steel, 
Bolt | coarse threads. Bolts include: 1) round head, | stainless steel, brass, | method used to prevent | 3) hard wood and plastics, 
square neck; 2) round head, short square neck; | naval bronze, monel, alu- | rotation during bolting. | 4) wood, 5) wood, 6) any 
3) round head, ribbed neck; 4) round head, fin minum Each is inserted in a hole | material where there is no 
neck; 5) 114-deg-countersunk square neck; | which mates with the | other way to prevent ro- 
| 6) round head; 7) elevator (flat, large dia neck. Head types are | tation, 7) soft materials, 
| head; square neck); 8) ribbed head—slotted and | selected by appearance or | 8) flooring, 9) resilient 
unslotted; 9) step (like elevator but round head); | need for flush tops materials to steel, 10) 
| 10) countersunk metal to wood 
Stud Bolt | A stud is a rod threaded either completely or on | Low carbon steel Advantageous where | Widely used for castings 
(stud) both ends. Types include: tap end (one end to | length adjustment de- | (permanently assembled) 
| produce interference fit in tapped hole, other for | sirable and for soft metal and 
nut); double end (both ends for nuts); continu- | plastic parts 
ous thread; hanger bolt (one end has lag screw 
thread) 
— 3 — eciaies q 
Place Bolt Flexible zone is formed by slotted segments in | Carbon and alloy steel; | Provides resistance to | Cylinder heads, flywheel 
the upper face of a hex bolt head and a circular | others available | loosening by vibration | housings, bearings (cap 
recess in the lower face, providing a controlled | and minimizes fatigue | screw), connecting rods 
spring action which increases elastic elongation. | failure. Used with and 
Same principle applied to cap screws | without nuts 
Locknut Huge variety of proprietary locknuts, most of | Nuts—carbon steel gen- | Locknuts remain tight | Mass produced automo- 


































which can be classified as one of the foliowing | 


types: 1) free-spinning (no locking action until 


seating begins, e.g., integral toothed washers), | 


2) prevailing torque (locking depends on some 
form of interference between male and female 
threads, e.g., deforming threads or forcing lead 
or angle), 3) spring action (designed to take ad- 
vantage of natural spring of the material or with 
auxiliary springs, e.g., slotted segments; arched 
base with prongs to lock against threads) 


| 


erally std; also stainless, 
brass, monel, aluminum. | 
Springs—heat treated 
spring steel usually std; 
also stainless, brass, phos- 
phor bronze, beryllium | 
copper. Inserts—bronze 
usually std; also brass, 
aluminum, steel | 





under vibration and re- 
place the use of wire or 
cotter pins in a hole 
drilled through bolt and 


| nut. Each type designed 


for specific use in terms 
of materials, end service 
conditions, ease of as- 
sembly, etc. 













biles, appliances, machin- 
ery, aircraft, furniture, 
toys, etc. 








Round 


ROUND HEAD BOLTS 


Ribbed 


Neck 





Fin 
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Square 
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Mechanical Fasteners—concluded 


THREADED FASTENERS—concluded 








| 
| 









































Type } Description Made of... Selection Features Uses 
WASHERS AND INSERTS 
Plain Plain, flat, circular washer standardized in o.d. | Almost all materials used Provide increased bear- | Widely used with nuts 
Washer and i.d. dimensions (ASAB27.2-1953) and with | for nuts | ing surface for bolt heads | and bolts 
suggested thicknesses. Form series are: light, or nuts, thus distributing 
medium, heavy, extra heavy | load over larger area. | 
Also prevent marring, | 
improve appearance 
Lock Split spring type. Washer is split and shaped | Carbon steel, stainless | Prevents loosening of | Widely used for most plain 
Washer like a single turn of a slight helix. Free height | 302 or 420, aluminum- | bolt under vibration. | threaded screws and bolts 
is about twice the washer thickness; gap is small | zinc alloy, phosphor and | Split-spring type allows 
enough to prevent entangling. Same fourseries | silicon bronze, K monel. | occasional disassembly | 
as plain washers Not all materials in all | and reassembly; tang of | 
four series helix may mar work 
surface 
Toothtype. Teeth oni.d.,o.d.orboth. Variety | Carbon steel, phosphor | Same as above, but thin- | External tooth type for 
of shapes and tooth types designed for specific | bronze ner than split-spring, not | bolts; internal tooth type 
uses recommended for fre- | for screws 
quent disassembly 
. 
Spring type. Some proprietary types: domed, | Medium carbon and Provides strong locking | Special uses, generally on 
conical, waved, countersunk, cap, folded rim, | stainless steel, bronze, | with varied other fea- | softer materials 
tab, irregular hole, wood spring aluminum, beryllium, | tures 
| copper, K monel | 
nsert May be threaded bushings, studs, etc., cast or | 1) Aluminum alloy, 2) | Added strength for soft | Limited to parts thick 





molded integrally with part. Many proprietary 
inserts are molded in or inserted after part is 


formed. Noncircular cross sections resist turn- | 


ing; undercuts resist tensile pull. Some types 
are: 1) slotted body, exterior fins, 2) slotted and 
tapered body containing four-eared disk below 
threaded portion, 3) spool-shaped spacer, 4) heli- 
cal coil of diamond-shaped wire (also locking 
type with center loop of coil octagon-shaped), 
5) disk-shaped with edge groove around middle, 
6) threaded, with embedded nylon pellet, 7) two- 
piece: threaded insert and lock ring 





brass, 3) aluminum alloy, | 


4) stainless, phosphor 
bronze, Hastelloy C, 5) 
brass, steel, stainless, alu- 
minum, 6) low carbon 
steel, 7) low carbon steel. 
Most inserts can be ob- 
tained in other materials, 
e.g., brass, bronze, alu- 
minum, monel 





materials. 1) Allows ex- 


| pansion pressure against 


hole and screw. 2) Disk 
is forced down to spread 
four tapered segments. 3) 
Through-bolt orthreaded. 


4) Coil has both internal | 


and external thread; in- 
serted in tapped hole. 


tool. 6) Uses standard 
screwdriver. 
teeth of lock ring broach 


| into parent material 


| 


enough 





are 
| damaged tapped holes. 5) 
Plastics sheet, soft sheet 
5) Locked by swaging | 
| metals. 7) 
7) Outer 


hold 


plastics, 


insert 
soft 


to 


1) Wood, 


metals. 2) Replace 
molded-in inserts. 3) 
Sandwich panels. 4) 


Where weight and wear 
problems; used in 


Nonferrous 
Hard mate- 
rials (resists vibration and 
stress); soft materials (re- 
sists wear) 


metal. 6) 








Threaded insert with 
embedded nylon pellet 
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Slotted insert 
with exterior fins 


IN DESIGN 


Orie Ve 











INSERTS 





Screw-threaded insert formed by 
coil of diamond-shaped wire 





Disk-shaped insert with 
groove around middle 





Slotted, tapered, 
semi- threaded insert containing 
four-eared disk 
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Spool-shaped 
spacer 





Threaded insert 
and lock ring 











RIVETS, STITCHING AND STAPLING 





Type & 





Description Uses 





RIVETS 








Large Solid 





Small Solid 


Semi-Tubular 





Tubular 





Other 





METAL STITCHING AND OTHER FASTENERS 


Stitching 
and 
Stapling 


Other 
Fasteners 

































Dia from 4%-1% in. Head—button, high button, cone, pan or | High production, permanent assembly operations requiring high 
countersunk (flat or round). Neck—straight or swell (exc | tensile and shear strength and generally not requiring airtight 
countersunk). Special heads include: machine, globe, wheel, | or watertight joints. Aircraft, ships, trains, bus and truck 
trunk. Wrought iron and steel are std mtls; others available | bodies, etc. 





Head—flat, countersunk, button, pan, truss, tinners’, coopers’ | As above (generally cold riveting is used on small rivets, hot 
or belt riveting on large) 


Shallow hole, extruded or drilled in shanks, does not exceed | Where stress is low, or primarily shear. Metals, ceramics, hard 
shank dia. Variety of heads include: oval, flat countersunk, | plastics and woods; through predrilled or prepunched holes. 


tinners’, cone | Aircraft, cameras, toys 





Where stress is low, or primarily shear. Leather, soft plastics, 
rubber, soft woods, fabrics. Leather cases, golf bags, sheet metal 


Hole in shank is deeper than dia but less than % in. Rivet 


compresses material within shank. Head variety same as above 














Slot milled in shank forms two sharp prongs that pierce material 


Where stress is low, or primarily shear. Light-gage metal, 
without weakening it 


| plastics, wood, fibreboard, leather 








Either coldformed or | Where pivot or bearing surface req within joined members. 
coldheaded and turned Automotive parts, vending machines 


Shoulder beneath head is made to spec 





Proprietary types, of which most are one of these: 1) sleeve— | Where backing up the rivet is impractical, usually,due to in- 
either hollow (mandrel pulled back through; may be plugged if | accessibility. 1) Lends itself esp to automatic settipg; hollow is 
desired), or self-plugging (after mandrel is pulled through it is | not as strong but can be plugged by any mtl desired and with 
trimmed off to leave solid rivet); 2) pin driven through tapered | umbrella head to match design. 2) High shear str, good ten 
hole in rivet to expand it, then lip peened over pin head; 3) type | str. 3) High assembly rate; rivet has high str clinch but is not 
for which a special assembly tool is basic, e.g., a gun grips pull- | completely hole-filling. 4) Extremely high assembly rate; 
through mandrel, clinches rivet, continues to pull until head or | widely used to fasten both metals and nonmetallics; nearly 
stem breaks; 4) explosive charge contained within shank is | equiv in str to solid rivet 

detonated (by riveting iron, etc.) to expand rivet to fill hole and 

form bulb onend. Materials are: cadmium-plated steel, alumi- 

num alloy, brass, stainless, monel, etc 








Some special rivets are: outside prong, compression, decorative | Special uses 
spot, precious metal, brake lining 


Joining two or more materials with 18-gage wire fed from a coil, For sheet and strip stock of all materials, but preferably joining 
cut to length, formed, driven through and clinched. High | soft nonmetallics to metal Also sandwich materials 
assembly rate, but limited to thin parts, e.g., joining 0.093-in. 

aluminum strips. Loop clinches are best for nonstructural 

joints, flat clinches for stressed. Stapling differs in using pre- 

formed fasteners. Std mtls include high carbon steel, stainless, 

and phosphor bronze 


Nails, spring clips, retaining rings, pins (straight, dowel, taper, | Special uses 
clevis, cotter), quick-release fasteners (snap slides, hinges, hooks, 

latches), hose clamps, turnbuckles, masonry anchoring devices, 

vacuum tube retainers, etc. 








SMALL SOLID RIVET HEADS 


















































U Flat 

















Button Coopers Tinners 
Rivet Rivet 


















































Countersunk 























Belt Rivet 
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MODERN MATCHMAKER MARRIES 











PLASTICS TO METALS 


Versatile Application by brush, knife, dip, roller 
or heat seal methods. Versatile Vinyl Cor- 
dobond® Adhesives. Improve production meth- 
ods with these Cordobond Adhesives. Clear or 
tinted fast setting or heat activated for bonding 
or laminating application. 


CORDOBOND ADHESIVES 























































No. 70 80 82 89D 153 FS219A 
Med. Med. Med. Med. 
Quick Speed Speed Speed Speed Heat Seal 
Type Bonding Bond. Bond. Bond. Bond. Laminating 
Wt/Gal. 84 7¥2 7% 7% 7% 7% 
Solids % 32 17 35 35 27 25 
Method 
1. Brush ] l l l l l 
2. Spray 2 2 2 2 2 
3. Dip 3 3 3 3 3 3 
4. Coat 4 4 4 4 4 4 
Drying Conditior:s — All adhesives are air or forced heat dried (150°F) 
(Dry) 
Flow Temp. 250° 250° 250° 265° 260° 300° 
Gen’! Gen’! Spec. Spec. Spec. Spec. 
Use Purp. Purp. Purp. Purp. Purp. Purp. 
Plastics to Wood Metal Metal Acetate Vinyls Metallized 
Paper Polys- Polys- Buty- to Mylar & 
Plastics tyrene tyrene rate Vinyls Metal 
Polys- 
tyrene 











For Spraying — 2027A — Slow Solvent 


CORDO ALSO MAKES: 


@ CORDOGLAS vinyl coated glass, nylon and cotton fabrics. 
@ CORDOBOND thermo-setting resin, pre-impregnated fabrics. 


@ CORDOBOND strongback epoxy resins and adhesives. 


For additional information write: 


CORDO CHEMICAL CORPORA 
34 Smith St., Norwalk, Conn. 








For more information, turn to Reader Service card, circle No. 
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Thinner — For Brushing Use — 2027 — Med. Fast Solvent 


@ CORDOBOND vinyl plastisols and protective coatings for metal. 
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Details, ideas, sourc: 
for all fastening needs . 


FASTENERS 
lm rclaleleolere) 4 


by JULIUS F 
SOLED, P.E. 


Consulting 
Engineer 


1957 
448 pages 
$12.50 
NEW! 
OVER 900 
ILLUSTRATIONS! 


FASTENERS HANDBOOK provides ready, 
up-to-date answers to fastening prob- 
lems in all fields. Its pertinent data, 
hundreds of illustrations, and full page 
descriptions supply you with detailed 
information on currently available 
fasteners. 

Here is a handbook in every sense of 
the word. You can select the fastener 
you want because this comprehensive 
book includes standard and proprietary 
fasteners from all manufacturers. 


Abounds in Profitable Features 


FASTENERS HANDBOOK 


@ Brings to your attention the many cost-saving 
features of available, less-known fasteners. 


@ Presents complete fastener lines in particular 
fields and applications. Enables you to look 
at what's available before closing up. 


@ Makes possible the immediate location of every 
fastener described with name and address of 
supply source. 


@ Relates actual uses of fasteners in one indus- 
try to those of another, resulting in concrete 
examples of money-saving applications. 


FASTENERS HANDBOOK greatly facilitates 
the review of available information, the 
making of a valid selection, and contact- 
ing the sources of supply. It can be used 
by design engineers, patent attorneys, 
sales meray ng fastener distributors 
and jobbers—in fact, anyone who needs 
solid information on fasteners available 
for mechanical assembly. 


Everything in fasteners 

Rivets, Inserts, Screws, Bolts, Studs, Washers, 
Retaining Rings, Pins, Nails, Metal ng, Quick 
Release Fasteners, Masonry Anchoring Devices, Hose 
Clamps, Manufacturers Directory. 


Send now for your ON-APPROVAL copy 


REINHOLD PUBLISHING CORPORATION 
Dept. M-333, 430 Park Ave., New York 22, N. \ 


For more information, circle No. 609 
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THE DIRECTORY 





This Directory is designed to be a comprehensive and up-to-date 
source of suppliers of engineering materials, forms, finishes and 
closely related services. The listings were compiled from informa- 
tion received from more than 3000 manufacturers, from official 
information made available by trade associations, and from many 
other sources. 


HOW TO USE THE DIRECTORY 


The Directory consists of two sections. In the first, Section 5, 
the categories of materials, forms, finishes and related services 
are arranged alphabetically; suppliers in each category also are 
listed alphabetically with their geographical location indicated by 
state abbreviations. The many cross references make it easy to 
find any given category. In general, suppliers of basic or “mill’’ 
forms of materials, such as sheet, are listed under the particular 
materials, whereas suppliers of “fabricated” forms, such as 
forgings, are listed under the form. 

Key letters in parenthesis following names of suppliers provide 
two kinds of additional information: 1) the basic materials in 
which a supplier furnishes a particular fabricated form, and 2) 
the basic forms in which a supplier furnishes a particular mate- 
rial (see key at right). For example, if you are looking for 
suppliers of magnesium sand castings, you will look for those 
suppliers of sand castings whose names are followed by the letter 
“e.” Similarly, if you are looking for suppliers of cellulose acetate 
rod, you will look for those suppliers of cellulose acetate whose 
names are followed by the letters “bb.” 

Further information on a particular supplier’s product can 
often be found by consulting an advertisement in this issue. 
Advertisers’ names are bold-faced, and the pages on which their 
advertisements appear are listed following their name in the 
appropriate category. Page numbers of advertisements are also 
given in the complete index to advertisers on p 403. 

The second part of the Directory, Section 6, contains a complete 
alphabetical list of suppliers and their addresses. To find the 
address of a division of a company, look up the name of the parent 
company (always given with the division name in Section 5). 


In compiling a directory of this nature it is impossible to avoid 
errors and omissions. We plan to constantly improve this directory 
in future editions and we will welcome corrections and suggestions. 
Please address them to Directory Editor, Materials in Design 
Engineering, 430 Park Ave., New York 22, N. Y. 


The listings and other data In this directory are compiled from sources believed 
reliable by the publisher. The publisher, however, does not represent or guarantee 
the accuracy of sald listings and data, and no responsibility is assumed therefor. 
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MATERIALS 

a Aluminum and Its alloys 
b& Copper and its alloys 

e@ Iron and its alloys (except steel) 
d@ Lead and its alloys 

@ Magnesium and its alloys 
# Nickel and its alloys 

& Steels 

ie Titanium and its alloys 
} Zinc and its alloys 

Kk Thermopliastics 

i Thermosetting plastics 

m Elastomers 


BASIC FORMS 
m Anodes 
o Bar 
p Base resins, polymers or gums 
q@ Billets 
r Custom formed parts (incl. specialties) 
s Fibers 
t Film 
wu Foams (component materials 
or products) 
v Foil 
w Ingot 
x Laminating, casting resias 
y Molding compounds 
= Plate 








Acetal Plastics 


Albany Novelty Mfg. Co., Mass (t,cc) 
Anderson Assoc., Inc., Ohio (y) 

Bamberger, Claude P., Inc., NJ (y) 
Davis, Joseph Plastics Co., NJ (t,y, 


bb,cc,dd,ee) 

du Pont de Nemours, E.I. & 
Co., Inc., Polychemicals 
Dept., Del 

(p,x,y) 


Shawinigan Resins Corp., Mass (p) 
Superior Plastics, Inc., Ill (bb,cc,ee) 


Acetate 


(see Cellulose Acetate) 


Acrylate Rubber 
(see Acrylic Rubber) 


Acrylic Plastics 


Ace Plastic Co., NY (bb,cc,dd,ee) 
Adhesive Products Corp., NY (x) 

American Molding Powder & Chemical 
Co., NY (y) 

American Products Mfg. Co., Inc., La 
(t,bb,cc) 

Anchor Plastics Co., Inc., NY 
(bb,dd,ee) 

Anderson Assoc., Inc., Ohio (y) 

Auburn Plastics, Inc., NY (bb,dd,ee) 

Bamberger, Claude P., Inc., NJ (y) 

Blank, Arthur & Co., Inc., Mass (cc) 

Borden Co., Borden Chemical Div., 
NY (p) 

Cadillac Plastic & Chemical Co., Mich 
(p,x,bb,cc,dd,ee) 

Carroll Plastic Compounding Corp., 
Sub. of Plastiglide Mfg. Corp., 
Calif (y) 

Cast Optics Corp., NJ 
(cc)h—Ad pp 204-205 

Celanese Corp. of America, 








Plastics Div., NJ 

(p) 
Chemical Development Corp., Mass (p) 
Colonial Kolonite Co., Ill (bb,cc,ee) 
Colton Chemical Co., Div. of Air Re- 

duction Co., Inc., Ohio (p) 


Commercial Plastics & Sup- 





ply Corp... NY 
(bb,cc,dd,ee)—Ad p 182 
CrystalIX Corp., Pa (t,bb,cc,dd,ee) 


Denver Plastics, Inc., Colo (bb,cc,dd, 
ee) 


Dow Chemical Co., Plastics 
Div., Mich 

(s) 

du Pont de Nemours, E.I. & 
Co., Inc., Polychemicals 
Dept., Dei 

(p,x,y) 


Dura Plastics of New York, Inc., NY 
(bb,cc.dd,ee) 

Eastman Chemical Products, Inc., Tenn 
(s) 

Eljay Corp., Md (bb,cc,dd,ee) 

Foss Mfg. Co., Plastics Div., Id (cc) 

Fry Plastics Co., Calif (bb,cc) 

Galigher Co., Utah (bb,cc,dd,ee) 

General Aniline & Film Corp., NY 
(cc) 

General Plastics Mfg. Co., Wash (bb, 
cc,dd,ee) 

Gering Products, Inc., NJ (y) 

H & R Industries, Pa (bb,cc,dd,ee) 

Industrial Plastics Corp., Ind (bb,dd) 

Industrial Products Suppliers, NJ (cc, 


dd) 
Jet Specialties Co., Inc., Calif (bb, 
dd,ee) 
K S H Plastics, Inc., Mo (bb,cc,dd) 
Luminous Resins, Inc., Ill (y) 
— Plastic Products Co., Ill (cc, 
Muehistein, H. & Co., Inc., NY (p, 
y,cc) 
Norrich Plastics Corp., NY (bb,cc,ee) 
Perfex Plastics, Inc., Ill (bb,dd) 


| Philrus 





Products Co., NJ (bb,cc,dd, 
ee) 

Plast-Ad Mfg. Co., Ind (bb,cc,dd,ee) 

Plastic Materials, Inc., NY (y) 

Pyramid Industries, Inc., Pa (ee) 

Raybestos-Manhattan, Inc., Raybestos 
Div., Conn (x) 

Reed Plastics Corp., Mass (y) 

Rohm & Haas Co., Pa 
{y,cc)—Ad p 201 

Russell Mfg. Co., Conn (s) 

Schwab Plastics Corp., Mich (bb,cc, 


dd,ee) 
Scranton Plastic Laminating Corp., 
Pa (cc) 

Snyder Mfg. Co., Inc., Ohio (cc) 


Southern Plastics Co., SC (bb,cc,dd, 
ee) 

Superior Plastics, Inc. Ill (bb,dd) 

United Shoe Machinery Corp., Mass (p) 


Western Felt Works, Ill 
(cc) 

Westlake Plastics Co., Pa (t,y,bb,cc, 
dd,ee) 

World Plastex, NY (bb,cc,dd) 

World Plastics, NY (bb,cc,dd,ee) 


Acrylic Rubber 


Adhesive Products Corp., NY (x) 

Borden Co., Borden Chemical Div., NY 
(p) 

Castle Rubber Co., Pa (y,bb,cc,dd,ee) 

Chicago-Allis Mfg. Corp., Allis Rubber 
Div., Ill (p) 

Continental Rubber Works, Pa (bb, 
ce,dd,ee) 

Dryden Rubber Div., Mfg. 
Corp., Ill (y,ee) 

du Pont de Nemours, E.1. & Co., Inc., 
Del (cc) 

Flexible Tubing Corp., Conn (ee) 

Gariock Packing Co., NY 
(y,cc) 

General Plastics Mfg. Co., Wash (bb, 
cc,dd,ee) 


Sheller 


Suppliers of Materials 








Goodrich, B.F. Chemical Co., Ohio 
(p,ce) 

Maloney, F.H. Co., Tex (y) 

National Gasket & Washer Mfg. Co., 
Inc., NY (bb,cc,dd,ee) 

Norrich Plastics Corp., NY (bb,cc,dd, 
ee) 

Parker-Hannifin Corp., 
Div., Ohio (uy) 

Polymer Chemical Co., Ohio (x) 

Roth Rubber Co., Ili (cc) 

Russell Mfg. Co., Conn (s) 

Southern Plastics Co., SC (bb,cc,dd,ee) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (p,y,cc) 

Western Felt Works, Ill 
(y,cc,dd,ee) 

Williams-Bowman Rubber Co., Il! (y, 
bb,cc,dd,ee) 


Parker Seal 


Acrylonitrile-Buta- 


diene Rubber 


Adhesive Products Corp., NY (x) 

American Hard Rubber Co., 
Div. of Amerace Corp., NY 
(bb,cc,dd)—Ad pp 196-7 

American Rubber Products Corp., Ind 
(u,bb,ce,dd,ee) 

Anderson Assoc., Inc., Ohio (y) 

Automotive Rubber Co., Inc., 
(cc,dd) 

Belko Corp., Md (y) 

Borden Co., Borden Chemical 
NY (p) 

Castle Rubber Co., Pa (y,bb,cc,dd,ee) 

Chicago Molded Products Corp., Camp- 
co Div., Ill (cc) 

Chicago-Allis Mfg. Corp., Allis Rubber 
Div., Ill (p) 

Continental Rubber Works, Pa (bb,cc, 
dd,ee) 

Dayton Rubber Co., Ohio (y,bb,cc,dd, 
ee) 


Mfg. 


Mich 


Div., 


Dryden Rubber Div., Sheller 


Corp., Ill (y,ee) 
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du Pont de Nemours, E.1. & Co., Inc., 
Del (cc) 

Faultiess Rubber Co., Ohio (y,bb,ee) 

Firestone Tire & Rubber Co., Ohio (p) 

Flexible Tubing Corp., Conn (ee) 

Garlock Packing Co., NY 
(y,bb,cc,dd,ee) 

Geauga Industries Co., Ohio (y,bb,dd) 

Goodrich, B.F. Chemical Co., Ohio (p, 
cc) 

Goodyear Tire & Rubber Co., Chemical 
Div., Ohio (p) 

Goshen Rubber Co., Inc., Ind 
ty) 

Hewitt-Robins, Inc., Conn (cc,ee) 

Home Rubber Co., NJ (y,bb,cc,dd,ee) 

Lee Rubber & Tire Corp., Republic 
Rubber Div., Ohio (p,y,cc,dd,ee) 

Lus-Trus Corp., Mich (cc) 

Luzerne Rubber Co., NJ (bb,cc,dd) 

Maloney, F.H. Co., Tex (y) 

Marbon Chemical Div., Borg- 
Warner Corp., ind 
(p,x,y) 

Martin Rubber Co., Inc., NJ (y,dd,ee) 

Mid-States Rubber Products, Inc., Ind 
(y,cc,dd) 

National Gasket & Washer Mfg. Co., 
Inc., NY (bb,ce,dd,ee) 

Naugatuck Chemical Div., U.S. Rub- 
ber Co., Conn (p,x,y) 

Parker, Stearns & Co., Inc., NY (y, 
bb,cc,dd,ee) 

Parker-Hannifin Corp., Parker Seal 
Div., Ohio (uy) 

Polymer Chemical Co., Ohio (x) 

Raybestos-Manhattan, Inc., Plastic 
Products Div., Conn (x) 

Roth Rubber Co., Ill (y,cc) 

Rubatex Div., Great American Indus- 
tries, Inc., Va (u) 

Saran Lined Pipe Co., Mich (y,cc) 

Sheller Mfg. Corp., Mich (wy) 

Southern Plastics Co., SC (bb,cc,dd, 


ee) 

Stockwell Rubber Co., Inc., Pa (y,bb, 
cc,dd) 

Technical Specialties Co., NY (dd) 

Toyad Corp., Pa (u) 

U.S. Rubber Co., NY (p) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (p,y,cc) 

Vulcanized Rubber & Plastics Co., Pa 
{y) 

Westlake Plastics Co., Pa (bb,cc,dd) 

Western Feit Works, ili 
(y,cc,dd,ee) 

Williams-Bowman Rubber Co., Ill (y, 
bb,cc,dd,ee) 


Adhesives 
(see also Tapes) 

Adhesive Products Corp., NY (k,i,m) 

Allied Chemical Corp., Plastics & Coal 
Chemicals Div., NY (1) 

American Cyanamid Co., Plastics & 
Resins Div., NY (1) 

American Hard Rubber Co., 
t-lv. of Amerace Corp., NJ 
(k,i,m) 

American Metaseal Corp., NJ (i) 

= Products Mfg. Co., Inc., La 

Angier Adhesives Div., Interchemical 
Corp., Mass (k,i,m) 

Arabol Mfg. Co., NY (k) 

Aries Laboratories, Inc., NY (I) 

—— & Co., Adhesive Div., Ill (k, 

Armstrong Cork Co., Pa (k,I,m) 

Products Co., Ind (I) 

ee Mineral Products Co., Pa (k,l, 

Avondale Co., Ill (k,I,m) 

Babbitt Chemical Co., Inc., Mass (k) 

Beck, I. & Sons, Inc., NY (m) 





Suppliers of Materials 


Belding Corticelli Industries, NY (k,!, 
m) 

Belko Corp., Md (m) 

Biggs, Carl H. Co., Inc., Calif (k,I) 

Bisonite Co., Inc., NY (I) 

Borden Co., Borden Chemical Div., 
NY (k,!,m) 

California Metal Enameling Co., Calif 
(k,m) 

Campro Co., Ohio (k) 

Catalin Corp. of America, NY (1) 

Chemical Coatings & Engineering Co., 
Inc., Pa (k,I,m) 

Chemical Development Corp., Mass (k,!) 

Chemical Process Co., Calif (1) 

Chemical Products Corp., RI (k,m) 

Chrysler Corp., Cycleweld Div., Mich 
(k,1,m) 

Ciba Co., Inc., NY (I) 

Colonial Kolonite Co., Ill (k) 


Connecticut Hard Rubber Co., 
Conn 
(m) 

Consoweld Corp., Wis (k) 

Continental Can Co., Conolite Div., 
Del (i) 

Cooper, Peter Corp., NY (k) 

Cordo Chemical Corp., Conn 
(k,L.m)—Ad p 394 

CrystalX Corp., Pa (k) 

— Chemical Products Co., Pa (k, 
I,m 

Dayton Rubber Co., Ohio (k,I,m) 

Dennis Chemical Co., Mo (k,m) 

Devcon Corp., Mass (k,!) 

Douglas & Sturgess, Calif (I,m) 

Dow Corning Corp., Mich (m) 

du Pont de Nemours, E.I. & Co., 
Inc., Del (k) 

—" Chemical Products, Inc., Tenn 
k) 

Electro -Chemical Engineering & Mfg. 
Co., Pa (k,I,m) 

Emerson & Cuming, Inc., Mass (k,!,m) 

Everlite Corp., Wash (k,1I,m) 

Fanner Mfg. Co., Munray Products 
Div., Ohio (k) 

Fasson Products, Ohio (I) 

Federal Adhesives Corp., NY (k,!,m) 

Fiexfirm Products, Calif (k) 

Foss Mfg. Co., Plastics Div., Id (1) 

Franklin Glue Co., Ohio (k) 

Fry Plastics Co., Callf (k,1) 

Fuller, H.B. Co., Minn (k,I,m) 

Furane Plastics, Inc., Calif (1) 

General Electric Co., Silicone Products 
Dept., NY (k,l) 

General Millis, Inc., Chemical Div., Ill 
(k,D 

General Plastics Mfg. Co., Wash (k,I, 
m) 

Gomar Mfg. Co., Inc., NJ (k) 

Goodrich, B.F. Industrial Products 
Co., Ohio (k) 

Goodyear Tire & Rubber Co., Chem- 
ical Div., Ohio (k) 

Grems Mfg. Co., Ore (k,m) 

Hadley Bros.-Uhi Co., Mo (m) 


Hardman, H.V. Co., Inc., NJ 
(D—Ad p 398 

Haskelite Mfg. Corp., Mich (k,I,m) 

Haveg Industries, Inc., Del (1) 

Hayes Adhesive Co., Inc., Mo (k,!) 

— Laboratories, Inc., NY (k,l, 
m 

Hughes Glue Co., Mich (k,I,m) 

Industrial Polychemical Service, Calif 
(k,l m) 

Interchemical Corp., NY (k,1,m) 

Jamestown Finishes, NY (k) 

Johns-Manville Corp., Dutch Brand 
Div., Il (m) 

— Co., Polyken Sales Div., Ill 

Lee Rubber & Tire Corp., Pa (m) 

Lord Mfg. Co., Special Products Div., 
Pa (k,|,m) 

Maas & Waldstein Co., NJ (k,1) 

Magic Iron Cement Co., Ohio (k) 





Magnesium Co. of America, Ind (k,!) 

Maloney, F.H. Co., Tex (k,I,m) 

Manhattan Adhesives Corp., NY (k,|, 
m) 

Mansol Ceramics Co., NJ (I) 

Marblette Corp., NY (I) 


Marbon Chemical Div., Borg- 
Warner Corp., ind 
(k, 1) 

Mesa Plastics Co., Calif (1) 

Midland Adhesive & Chemical Corp., 
Mich (k,I,m) 

Minneapolis Honeywell Regulator Co., 
Minn (1) 

Minnesota Mining & Mfg. Co., Ad- 
hesives, Coatings & Sealers Div., 
Mich (k,I,m) 

Monsantz Chemical Co., Plastics Div., 
Mass (1) 

Morningstar-Paisley, Inc., NY (k,1) 

Narmco Resins & Coatings Co., Calif 
(I,m) 

National Casein Co., Ill (k,l!) 

National Starch Products, Inc., Struc- 
tural Products Div., NY (k,I,m) 
Naugatuck Chemical Div., U.S. Rubber 

Co., Conn (k,I,m) 

Nukem Products Corp., NY (k) 

Ohio Adhesives Corp., Ohio (k,i,m) 

Parker Paint Mfg. Corp., Ind (k) 

Pawling Rubber Corp., NY (k,!) 

Pecora, Inc., Pa (k,m) 

Permacel-LePage’s, Inc., NJ (k,I,m) 

Perry-Austen Mfg. Co., NY (I,m) 

Pierce & Stevens Chemical Corp., NY 
(k, I,m) 

Plast-Ad Mfg. Co., Ind (k,1) 

Poly Resins, Calif (1) 

Polymer Chemical Co., Ohio (k,I,m) 

Polymer Corp., Pa (k) 

Presstite-Keystone Engineer- 
ing Products Co., Mo 
(k,1,m) 

Quelcor, Inc., Pa (1D) 

Randolph Products Co., NJ (k,i,m) 

Raybestos-Manhattan, Inc., Adhesives 
Div., Conn (k,I,m) 

Ren Plastics, Inc., Mich (1) 

Rohm & Haas Co., Pa 
(k,D 

Rubber & Asbestos Corp., NJ (k,I,m) 

Rubber & Plastics Compound Co., Inc., 
NY (k) 

Sauereisen Cements Co., Pa (k,!) 

Schwartz Chemical Co., Inc., NY (k, 
I,m) 

Shell Chemical Corp., NY (i,m) 

Snyder Mfg. Co., Inc., Ohio (k) 

Southern Adhesives Corp., Va (k,i,m) 

Standard Insulation Co., NJ (I) 

Steelcote Mfg. Co., Mo (I) 

Stockwell Rubber Co., Inc., Pa (m) 

Superior Plastics, Inc., Ili (k) 

Surprenant Mfg. Co., Mass (k) 

Swediow Plastics Co., Calif (I,m) 

Synco Resins, Inc., Conn (k,!) 

Toyad Corp., Pa (m) 

U B S Chemical Corp., Mass (k,i,m) 

Union | ies Corp., Silicones Div., 
NY (I 

United Shoe Machisery Corp., Mass 
(k,1,m) 

U.S. Stoneware Co., Ohio (k,!) 

Waterman Industries, Inc., Callf (k,!) 

Western Plastics Corp., Wash (k) 

Westlake Plastics Co., Pa (k) 

Williamson Adhesives, Inc., Il! (k,1,m) 

Youngstown Sheet & Tube Co., Fiber- 
cast Div., Okla (1) 


Alkyd Plastics 


Adhesive Products Corp., NY (x) 

Allied Chemical Corp., Plastics & 
Coal Chemicals Div., NY (y) 

American Cyanamid Co., Plastics & 
Resins Div., NY (p) 

Anderson Assoc., Inc., Ohio (y) 

Archer-Daniels-Midiand Co., Minn (p) 





Letters in ( ) indicate materials and forms—turn page for key 
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Booty Resineers, Inc., NJ (p) 

Electrofilm, Inc., Calif (t) 

Fiber Glass Industries, Inc., NY (yy 
y,cc) 7 

Foss Mfg. Co., Plastics Div., Id (cc) 

General Electric Co., Insulating Ma. 
terials Dept., NY (p) 

Glaskyd, Inc., Ohio (y) 

Hays Mfg. Co., Pa (y) 

Hercules Powder Co., Del (p) 

Jones-Dabney Co., Div. of Devoe & 
Raynolds Co., Inc., Ky (p) 

Kurz Kasch, Inc., Ohio (y) 

Naugatuck Chemical Div., U.S. Rub- 
ber Co., (p,x,y) 

Panelyte Div., St. Regis Paper Co., 
NY (xy) 

Reichhold Chemicals, Inc., NY (p) 

Schenectady Varnish Co., Inc., NY (p) 

Sherwin-Williams Co., Ohio (p) 

Specialty Resins Co., Calif (p) 

Westinghouse Electric Corp., Micarta 
Div., SC (p) 


Alloy Steels 


(see Steel) 


Aluminides 
(see Refractories) 


Aluminized Metals 


(see Precoated Metals) 


Aluminizing 


(see Immersion Coatings) 


Aluminum and Its 
Alloys 


A & A Die Casting Co., Calif (cc) 

Acme Tube, Inc., NJ (ee) 

— Engineering Co., Inc., Fla (q, 
ee 

Advance Screw Products Co., Inc., 
Wis (o) 

Advance Stamping Co., Mich (dd) 

Aerolite Extrusion Co., Ohio (n,o0,,bb, 
dd,ee) 

Alabama Wire Co., Inc., Ala (ff) 

Albert Pipe Supply Co., Inc., Founda- 
tion Div., NY (ee) 

Alcasco Foundry, Ill (w) 

Alloys & Chemicals Mfg. Co., Inc., 
Ohio (w,aa) 

All-State Welding Alloys Co., Inc., 
NY (ff) 

Alofs Mfg. Co., Mich (cc,dd,ff) 

Alpha Metals, Inc., NJ (v) 

Aluminium Ltd. Sales, Inc., NY (q,w) 

Aluminum Co. of America, 
Pa 
(n,0,4,v,W,z,aa,bb,cc,dd,ee, fF) 

Aluminum Billets, Inc., Ohio (q) 

Aluminum Foils Co., Tenn (v) 


American Sheet Metal Works, Inc., 


Co., NY (w) 
Smelting Co., Ili (0,q,w,bb) 
Corp., Pa (ff) 

Alloys, Inc., Ohio (w) 

etal Products Corp., NJ (cc) 
ic Steel Co., Ga (0,cc) 
D.L Co., Ohio (o,bb,cc,dd, ff) 
Refining Co., Ill (w) 
Dow Mfg. Co., Mass (o) 
State Refining Co., Inc., Mass (w) 
elmont Smelting & Refining 
Works, Inc., NY 
(n,w,aad—Ad p 130 


i 


teh 


He 





a 








y) 
g 








Biddle Screw Products Co., Ind (o, 


bb,ee) 

Bohn Aluminum & Brass Corp., Mich 
(0,q,bb,ee) 

Bonnell, William L. Co., Inc., Ga 
(bb,ee) 


Both, A.0. Corp., Mass (aa) 

Bridgeport Brass Co., Conn (o,bb,cc, 
dd,ee, ff) 

Bridgeport Rolling Mills Co., Conn 
(dd) 

Briel Industries, Inc., Ind (q,w) 

Brinkerhoff Brass & Bronze Works, 
Inc., NY (z,bb,cc,dd,ee) 

Budek & Bock Spring Mfg. Co., Ill 
(ff) 

Caspers Tin Plate Co., Ill (cc,dd) 

Castle, A.M. & Co., Ill (0,z,cc,dd) 

Central Fabricators, Inc., Ohio (z,bb, 
cc,ee) 

Channel Master Corp., NY (q,ee) 

Clad-Rex Corp., Ill (cc) 

Clark Perforating Co., Mich (cc,dd) 

Clarksville Foundry & Machine Works, 
Tenn (0,w,z,ee) 

Cleveland Electro Metals Co., Ohio 
(w) 

Cochran Foil Co., Sub. of Anaconda 
Co., NY (v,cc,dd,ee) 

Commercialores, Inc., SC (aa) 

Copper & Brass Sales, Inc., Mich (o, 
v,z,bb,dd,ee, ff) 

Corson Industries, Pa (q,bb,ee) 

Dahlin, C.A. Co., Ill (cc,ee) 

Designers Metal Corp., Ill (cc) 

Dixie Aluminum Corp., Ga (o,bb) 

Dormont Mfg. Co., Pa (ee) 

Eastern Rolling Mills, Inc., NY 
(cc,dd) 

Edgecomb Steel & Aluminum 
Corp., NJ 
(0,z,cc,dd,ee) 

Empire Metal Co., NY (0,q,w) 

Fairmont Aluminum Co., W. Va (cc, 
dd) 

Federated Metals Div., American 
Smelting and Refining Co., NY (0, 
w) 

Flynn, Michael Mfg. Co., Pa (o,bb,ee) 

Foamalum Corp., Ill. 
(foamed)—Ad p 133 

Frasse, Peter A. & Co., Inc., 
NY 
(0,z,bb,cc,dd,ee, ff) 

Fromson Orban Co., Inc., NY (0,2, 
bb,cc,dd,ee, ff) 

Frontier Bronze Corp., NY (w) 

General Cable Corp., NY (ff) 

General Extrusions, Inc.,Ohio 
(o,bb,ee) 

General Smelting Co., Pa (w) 

Gold Leaf & Metallic Powders, Inc., 
NY (aa) 

Harbot Die Casting Corp., NJ (w) 

Hardy, Charles, Inc., NY (aa) 

Harvey Aluminum Div., Harvey Ma- 
chine Co., Inc., Calif (0,q,w,bb,ee) 

Hayden Wire Works, Inc., Mass (aa) 

Hexcel Products, Inc., Calif (v) 

Himmel Bros. Co., Conn (o) 

Hokin Aluminum Co., Ill (o,bb) 

Hommel, 0. Co., Pa (aa) 

Inshield Die & Stamping Co., Ohio 
(cc,dd) 

Jackson Steel Products, Inc., NY (ee) 

Jari Extrusions, Inc., NY 
(0,q,bb,ee) 

Jelliff, C.0. Mfg. Corp., Conn (ff) 

Jobbins, William F., Inc., Ill (w) 

Johnston Foil Mfg. Co., Mo (v,cc) 

Kaiser Aluminum & Chemical 
ae inc., TT 
n,0,9,¥,W,z,bb,cc,dd,ee, ff 
334-5). 2, os ve \—Ad pp 


Kawneer Co., Mich (0,q,z) 

— Industries, Inc., Ill (q,2,cc, 

Kirk, Morris P. & Son, Calif (w) 

Korhumel Steel & Aluminum Co., Ill 
(0,2,bb,cc,dd,ee, fF) 

Laminated Shim Co., Conn 
(cck—Ad pp 340-341 

Langsenkamp, F.H. Co., Ind (0,2,bb, 
cc,dd,ee, ff) 





Light Metals, Inc., Ind (n) 

Lucas-Milhaupt Engineering Co., Wis 
(dd, ff) 

Lundquist Tool & Mfg. Co., Inc., 
Mass (cc,dd) 

Magna Mfg. Co., Inc., NJ (aa) 

Magnode Products, Inc., Ohio (o) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass. (o,ee) 

Malone Bronze Powder Works, Inc., 
NY (aa) 

May, Inc., Tex (o,bb,ee) 

McGregor-Michigan Corp., Mich (ee) 

Mechanical Steel Tubing Corp., NY 
(ee) 

Metal Goods Corp., Mo (0,z,bb,cc,dd, 
ee, ff) 

Metallizing Co. of Los Angeles, Inc., 
Calif (bb,ff) 

Metallizing Engineering Co., 
inc., NY 
(ff) 

Metals & Controls Corp., General 
Plate Div., Mass (v) 

Metals Disintegrating Co., Inc., NJ 
(aa) 

Morrisville Foundry Co., Inc., Vt (bb) 

Murray, A.B. Co., Inc., NJ (ee) 

National Aluminum Co., Ohio (bb,ee) 

National Lead Co., NY (0,bb,ee) 

National U.S. Radiator Corp., Plastic 
Metals Div., NY (aa) 

Nesor Alloy Products Co., NJ (ff) 

New Jersey Aluminum Extrusion Co., 
Inc., NJ (bb,ee) 

New Jersey Metals Co., NJ (w) 

Niagara Falls Smelting & Refining 
Div., Continental Copper & Steel 
Industries, Inc., NY (w) 

Norrich Plastics Corp., Screw Ma- 
chine Products Div., NY (o0,bb,ee) 

Olds Alloys Co., Calif (ee) 

Olin Mathieson Chemical Corp., Alum- 
inum Div., NY (n,0,9,V,w,z,aa,bb,cc, 
dd,ee, ff) 

Ormond Mfg. Co., Inc., NJ (dd,ff) 

Parker Metal Goods Co., Mass (ff) 

Penn Extrusion Corp., Pa (ee) 

Pioneer Aluminum, Inc., Calif (o,z,bb, 
cc,ee) 

Precision Tube Co., Inc., Pa (ee) 

Quaker State Metals Co., Pa (cc) 

Reade Mfg. Co., Inc., NJ (aa) 

Republic Metals Co., Inc., NY (0,v, 
a 

Revere Copper & Brass, Inc., NY (0,v, 
z,bb,cc,dd,ee) 

Reynolds Aluminum Supply Co., Ga (o, 
z,bb,cc,ee) 

Reynolds Metals Co., Va (0,q,v,w,z,aa, 
bb,cc,dd,ee, ff) 

Rigidized Metals Corp., NY (cc,dd) 

Rodney Metals, Inc., NY (dd) 

Roebling’s, John A. Sons Corp., NJ 
(dd, ff) 

Ryerson, Joseph T. & Son, Inc., Ill 


Saginaw Bearing Co., Mich (0) 

Sall, George Metals Co., Inc., Pa (w) 

Scovill Mfg. Co., Mill Prod- 
ucts Div., Conn 
(bb,cc,dd,ee,ffl—Ad pp 125-6 

Security Sash & Screen Co., Mich (cc) 

— Corp., NJ 
n 

Smith-Moon Steel Co., Inc., Kan 
(0,z,c¢) 

Sonken-Galamba Corp., Kan (q,w) 

Southern Aluminum Finishing Co., 
Inc., Ga (0,z,bb,cc,dd,ee) 

Standard Metals Corp., Mass (ee) 

Star Heel Plate Co., Inc., NJ (ff) 

Stranahan Foll Co., Inc., NJ (vy) 

Sun Steel Co., Ill (cce,dd) 

Techalloy Co., Inc., Pa (n,dd) 

Trim Alloys, Inc., Mass (0,q,bb,dd,ee, 
ff) 

Ulimann, Inc., Wis (0,ee) 

United Screw & Bolt Corp., Ili (bb, 
cc, dd, ff) 

United Smelting & Aluminum Co., 
Inc., Conn (cc,dd) 

“ie Bronze Powder Works, Inc., NJ 





U.S. Extrusions Corp., NY (bb) 

U.S. Gasket & Shim Co., Ohlo (v) 

U.S. Reduction Co., Ind (w) 

United Wire & Supply Corp., RI (ee, 
ff) 

Universal Converting Corp., Mass (o, 
bb,ee) 

Utility Mfg. Co., Mass (bb) 

Vanadium Corp. of America, 
NY 
(w) 

Vulcan Rail & Construction Co., NY 
(0,z,ee) 

Wallace Tube Co., Div. of Wallace 
Supplies Mfg. Co., Ill (ee) 

Warner Mfg. Corp., NJ (bb,ee) 

Waterman Industries, Inc., Calif (o,bb, 
cc,dd,ee) 

Werner, R.D. Co., Inc., NY 
(0,q,w,bb,ee) 

White Metal Rolling & Stamping Co., 
NY (0,q,bb,ee, ff) 

Whitehead Metal Products Co., Inc., 
NY (0,w,z,bb,cc,dd,ee, ff) 

Wilder Mfg. Co., Inc., Calif (o,cc) 

Wilson-Hurd Mfg. Co., Inc., Wis (cc) 

Wright, Albert Screw Machine Prod- 
ucts, Calif (bb) 


Aluminum Bronze 
(see Copper) 


Anodes 
(see specific metal) 


Anodic Coatings 


(see Conversion Coatings) 


Asbestos 


American Asbestos Textile Corp., Pa 
(r,s) 

American Brakeblok Div., American 
Brake Shoe Co., Mich (r) 

American Insulator Corp., Pa 
(r) 

American Sheet Metal Works, Inc., 
Conn (s) 

American Smelting & Refining Co., 
NY (s) 

Asbestos Corp. of America, NJ (r,s) 

Asbestos Textile Co., Inc., Ill (r,s,cc) 

California Metal Enameling Co., Calif 
(r) 

Carey, Philip Mfg. Co., Ohio (r,s,cc) 

Carolina Asbestos Co., NC (r) 

Chicago Gasket Co., Ill (cc) 

Connell Asbestos Mfg. Co., NY (r) 

Dumont Corp., Calif (r,z,bb,cc,ee) 

Garlock Packing Co., NY 
(r,s,cc,ee) 

Gatke Corp., Ili (r) 

General Asbestos Gasket Mfg. Corp., 
Mo (r) 

Generai Gasket, Inc., Conn (r) 

Hall, C. P. Co., Ohio (s) 

Johns-Manville Corp., NY (r,s,aa,cc,ee) 

Keasbey & Mattison Co., Pa (s,cc,ee) 

Mica Fabricating Co., NJ (s) 

National Gasket & Washer Mfg. Co., 
Inc., NY (r,cc) 

— American Asbestos Corp., Ill 
r,s 

Panalyte Div., St. Regis Paper Co., 
NY (bb,cc) 

Peerless Products Industries, Ill (r) 

Philadelphia Asbestos Corp., Pa (r) 

Precision Paper Tube Co., Ill (ee) 

Raybestos-Manhattan, Inc., NJ (bb,cc) 

Raybestos-Manhattan, Inc., Raybestos 
Div., Conn (r) 

Rogers Corp., Conn (cc) 

Rostone Corp., Ind (r) 

Ruberoid Co., NY (s) 

Russell Mfg. Co., Conn (r,s) 

“= Chemical & Color Co., Inc., NY 
aa 

Southern Asbestos Co., NC (r,s,ee) 








Standard Asbestos Mfg. Co., Ill (r,s) 

Staver Co., Inc., NY (r,cc) 

Stone Paper Tube Div., Stone Straw 
Corp., Washington, DC (ee) 

Union Asbestos & Rubber Co., Ill (r, 
cc,ee) 

U.S. Polymeric Chemicals, Inc., Conn 
(s) 

U.S. Rubber Co., NY (s) 

U.S. Stoneware Co., Ohio (r) 

Vellumold Co., Mass (r,cc) 

Victor Mfg. & Gasket Co., Ill (r,cc) 


Balsa Wood 
(see Wood) 


Bar 
(see specific metal) 


Beryllium 


Advance Stamping Co., Mich (dd) 

American Silver Co., Inc., NY (v,dd) 

Babson Dow Mfg. Co., Mass (o) 

Belmont Smelting & Refining 
Works, Inc., NY 
(0,aa) 

Beryllium Corp., Pa (0,q,w,aa,bb) 

Bridgeport Brass Co., Conn (bb,ee) 

Brinkerhoff Brass & Bronze Works, 
Inc., NY (dd) 3 

Brush Beryllium Co., Ohio 
(0,0,¥,¥,2,aa,bb,cc,dd,ee)—Ad p 130 

Budek & Bock Spring Mfg. Co., Ill 
(ff) 

General Plate Div., Metals & Controls 
Corp., Mass (v) 

Hardy, Charles, Inc., NY (aa) 

Hayden Wire Works, Inc., Mass (ff) 

Hussey, C.G. & Co., Div. of Copper 
Range Co., Pa (aa) 

Inshleld Die & Stamping Co., Ohio 
(dd) 

instrument Specialities Co., 
inc., NJ 
(bb, dd, ff) 

Lundquist Tool & Mfg. Co., Inc., 
Mass. (cc,dd) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (dd,ff) 

Mallory, P.R. & Co., Inc., Ind (bb, 
dd, ff) 

Norrich Plastics Corp., Screw Ma- 
chine Products Div., NY (0,bb) 

Olds Alloys Co., Callf (ee) 

Oregon Metallurgical Corp., Ore (w) 

Riverside-Alloy Metal Div., H.K. 
Porter Co., Inc., NJ (bb,dd,ff) 

Sel-Rex Corp., NJ 
(n) 

Westinghouse Electric Corp., Pa (0,q, 
v,w,z,bb,cc,dd,ee) 


Beryllium Copper 
(see Copper) 


Billets 


(see specific metal) 


Bismuth and Its 
Alloys 


Alpha Metals, Inc., NJ (0,q,v,bb,ce,dd) 

American Metal Climax, Inc., 
NY 
(0,w,aa) 

Anaconda Aluminum Co., Sub. of 
Anaconda Co., NY (o) 

Belmont Smelting & Refining 
Works, Inc., NY 
(n,o,w,aa) 

Cerro de Pasco Sales Corp., 
NY 
(wi—Ad p 133 

Division Lead Co., Ill (o,f) 

Empire Metal Co., NY (n,o,q,w,bb,ff) 








= 


eaRET Re + 


Federated Metals Div., 
Smeiting & Refining Co., NY (o,w) 

Hardy, Charles, Inc., NY (aa) 

Hayden Wire Works, Inc., Mass (aa) 

Metallizing Co. of Los Angeles, Inc., 
Calif (ff) 


Metals Disintegrating Co., Inc., NJ | 


(aa) 
Peerless Alloy Co., Colo (o,w) 
Republic Metals Co., Inc., NY (o,w) 
River Smelting & Refining Co., Ohio 
(o) 
Sel-Rex Corp., NJ 
(n) 
U.S. Smelting, Refining & Mining Co., 
NY (w,dd) 
Westinghouse Electric Corp., Pa (0,q, 
v,w,z,bb,cc,dd,ee) 


Borides 


(see Refractories) 


Brass 
(see Copper) 


Brazing Alloys 


Abaion Precision Mfg. Corp., NY 
All-State Welding Alloys Co., Inc., NY 
American Platinum & Silver 
Div., Engelhard Industries, 
Inc., NY 
—Ad p 395 
American Products Corp., Ill 
American Silver Co., NY 
Belmont Smelting & Refining 
Works, Inc., NY 
Burgess-Norton Mfg. Co., Ill 
Crucible Steel Co. of America, Pa 
Dormont Mfg. Co., Pa 
Electric Materials Co., Pa 
Eutectic Welding Alloys Corp., NY 
Falstrom Co., NJ 
General Findings & Supply Co., In- 
dustrial Div., Mass 
Glidden Co., Chemicals-Pig- 
ments-Metals Div., Md 
Goldsmith Bros. Smelting & Refining 
Co., Ill 
Handy & Harman, NY 
—Ad p 399 
Hayden Wire Works, Inc., Mass 
Inland Mfg. Co., Neb 


international Nickel Co., Inc., 
NY 

Kenmore Machine Products, Inc., NY 

Kinkead Industries, Inc., Ill 

Kling Metal Spinning & Stamping Co., 
NY 


Kwikset Powdered Metal Products, 
Calif 

Lincoln Iron Works, Vt 

Lucas-Milhaupt Engineering Co., Wis 

Machine Products Corp., Ohio 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass. 

Manso! Ceramics Co., NJ 


American | 





Suppliers of Materials 


McDowell Mfg. Co., Pa 

Revere Copper & Brass, Inc., NY 

Sall, George Metals Co., Inc., Pa 

United Wire & Supply Corp., RI 

Vanadium-Alloys Steel Co., Pa 

Victor Equipment Co., Calif 

Wall Colmonoy Corp., Stain- 
less Process Div., Mich 
—Ad p 402 

Waterman Industries, Inc., Calif 

West Haven Foundry Co., Conn 

Western Gold & Platinum Co., Calif 

Whitehead Metal Products Co., Inc., 
NY 


Bronze 
(see Copper) 


Buna N Rubber 


(see Acrylonitrile-Butadiene Rubber) 


Butadiene Styrene 


(see Styrene Butadiene) 


Butyl Rubber 


(see Isoprene-Isobutylene Rubber) 


Butyrate 


(see Cellulose Acetate Butyrate) 


Cadmium 
Alpha Metals, Inc., NJ (0,q,v,bb,cc,dd) 
American Metal Climax, Inc., 
NY 
(n,o,w,aa,bb) 
American Silver Co., NY (v,dd) 
American Smelting & Refining Co., 
NY (n,a,w) 
American Zinc Sales Co., Mo (n,0,z) 
Anaconda Aluminum Co., Sub. of 
Anaconda Co., NY (0) 
Anchor Metal Co., Inc., NY (w) 
Auld, D.L. Co., Ohio (n) 


Belmont Smelting & Refining 
Works, Inc., NY 
(n,0,¥,W,Z,aa,cc) 

Bunker Hill Co., Calif (n,o) 

Cerro de Pasco Sales Corp., 
NY 
(z,bb) 

Division Lead Co., Ili (v,cc) 

Eagle-Picher Co., Ohio (q) 

Empire Metal Co., NY (n,0,q,w,bb,ff) 

Federated Metals Div., American 
Smelting & Refining Co., NY (o,w) 

Goldsmith Bros. Smelting & Refining 
Co., Ill (o,w) 

Hamilton Watch Co., Precision Metals 
Div., Pa (v,cc,dd) 

Hardy, Charles, Inc., NY (aa) 





Harshaw Chemical Co., Ohio (n) 

Hayden Wire Works, Inc., Mass (ff) 

Hull, R.O. & Co., Inc., Ohio (n) 

International Minerals & Metals Corp., 
NY (w) 

Lucas-Milhaupt Engineering Co., Wis 
(dd, ff) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (dd,ee,ff) 

McGean Chemical Co., Ohio (n,dd) 

Metals Disintegrating Co., Inc., NJ 
(aa) 

Modern Plating Corp., Ill (n) 

New Jersey Metals Co., NJ (n) 


New Jersey Zinc Co., NY 
(n) 


Octagon Process, Inc., NY (n,0,q,w,z, 
bb,cc,dd) 

Peerless Alloy Co., Colo (o,w) 

Republic Metals Co., Inc., NY (n,o,w) 

River Smelting & Refining Co., Ohio 
(w) 

St. Joseph Lead Co., NY (n,o,w) 
Sel-Rex Corp., NJ 
(n) 

Stevens, Frederic B., Inc., Mich (n) 

Triangle Conduit & Cable Co., Inc., 
NJ (ff) 

Udylite Corp., Mich (n,bb,cc,ff) 

U.S. Smelting, Refining & Mining Co., 
NY (0,w,bb) 


Calorized Coatings 
(see Diffusion Coatings) 


Carbides 


{see Refractories) 


Carbon, Graphite 


Becker Bros. Carbon Co., Ill (r,z,aa, 
bb,cc,ee) 

Black Bear Co., Inc., NY (aa) 

Blaco Mfg. Co., Ohio (aa) 

Dixon, Joseph Crucible Co., NJ (z, 
aa,bb) 

Electro Chemical Engineering & Mfg. 
Co., Pa (r) 

Gibson Electric Co., Pa (r,aa) 

Graphite Metallizing Corp., NY (r) 


Graphite Specialties Corp., 
NY 
(r,bb,ee)—Ad p 252 
Heil Process Equipment Corp., Ohio 
(r) 
Henrite Products Corp., Ohio (r) 
Hofford Varnish Co., Inc., NJ (r) 
Industrial Tectonics, Inc., Mich (r) 
Markal Co., Ill (z) 
Metallized Carbon Co., NY (r) 
Morganite, Inc., NY (r,bb,ee) 
National Carbon Div., Union Carbide 
Corp., NY (r,aa,bb,ee) 
Ohio Carbon Co., Ohio 
(r,z,aa,bb,cc,ee)—Ad p 340 





a—Aluminum and its alloys 
b—Copper and its alloys 


d—tLead and its alloys 





e@—Magnesium and its alloys 


c—lron and its alloys (except steel) 


KEY 


f—Nickel and its alloys 
ge—Steels 
h—tTitanium and its alloys 


j—Zinc and its alloys 
k—Thermoplastics 
I—tThermosetting plastics 
m—Elastomers 


BASIC FORMS = ——————--—-- ee eer reer 


m—Anodes r—Custom formed parts v—Foil aa—Powder 
o—Bar (incl. specialties) w—Ingot bb—Rod 
polymers or gums s—Fibers x—Laminating, casting cc—Sheet 
t—Film resins dd—Strip 
p—Base resins, 
u—Foams (component y—Molding compounds ee—Tubing 
q—Billets materials or products) z—Plate ff—Wire 














Pure Carbon Co., Inc., Pa (bb) 

Russell Mfg. Co., Conn (r,s) 

St. Marys Carbon Co., Pa (r,z) 

Servwell Products Co., Ohio (aa) 

Smith Chemical & Color Co., Inc., NY 
(aa) 

Speer Carbon Co., Pa (r) 

Stackpole Carbon Co., Pa 
(r,z,bb,ee)—Ad p 248 

Standard Asbestos Mfg. Co., Ill (s,cc, 
ee) 

United Carbon Products Co., Mich (r, 
z,aa,bb,cc,ee) 

U.S. Graphite Co., Div. of Wickes 
Corp., Mich (r,bb,cc) 


Carbon Steel 


(see Steel) 


Casting Resins 


(see specific plastic or rubber) 


Castings, 
Centrifugal 


Al-Fin Div., Fairchild Engine & Air- 
plane Corp., NY (a,e) 

All Metals Precision Casting Corp., 
NY (a,b,g9) 

Allegheny 
Corp., Pa 
(g) 

Alloy Precision Castings Co., Ohio (a, 
b,c,e,f) 

American Brake Shoe Co., NY (a,b,j) 

American Cast Iron Pipe Co., 
Ala 
(a,c,f,g) 

American Crucible Products 
Co., Ohio 
(b) 

Ampco Metal, Inc., Wis (b) 

Asco Sintering Corp., Calif (a,b) 

Baldwin-Lima-Hamilton Corp., Pa (a, 
b, f) 

Bendix Foundries, NJ (a,e) 

Blaw-Knox Co., Pa (f,g) 

Buckeye Brass & Mfg. Co., Ohio (b) 

Bunting Brass & Bronze Co., Ohio (b) 

Calorizing Co., Pa (f,g) 

Campbell, Wyant & Cannon Foundry 
Co., Div. of Textron, Inc., Mich 
(c,g) 

Centrifugal Casting Machine Co., Okla 
(a,b) 

Centrifugally Cast Products  Div., 
Shenango Furnace Co., Ohio (b,c,f) 

Centr-0-Cast & Engineering Co., Mich 
(a) 

Cooper Alloy Corp., NJ 
(g)—Ad p 353 

Copper & Brass Sales Inc., Mich (b) 

Crucible Steel Co. of America, Pa 
(c,f,g,h) 

Curtiss-Wright Corp., Metal 
Processing Div., NY 
(g) 

Cyril Bath Co., Ohio (g) 

Dayton Foundry, Calif (c) 

Duraloy Co., Pa 
(f,g)—Ad p 359 

Electric Steel Foundry Co., Ore (f,9,h) 

Electro-Alloys Div., American Brake 
Shoe Co., Ohio (g) 

Florence Pipe Foundry & Machine Co., 
NJ (c) 


Frasse, Peter A. & Co., Inc., 
NY 
(g) 

General Alloys Co., Mass (f) 

General Electric Co., Foundry Dept., 
NY (a,b) 

Hi-Grade Alloy Corp., Ill (d,j) 

Hughes Tool Co., Tex (g) 

Humphrey Castings, Inc., Calif (a,b,f, 
9) 

Illinois Precise Casting Co., Ill (a, 
b,f,9) 


Ludium Steel 








international Nickel Co., Inc., 
NY 
(f) 

Janney Cylinder Co., Pa (a,b,c,f) 

Johnson Bronze, Pa (b) 

Kay-Brunner Steel Products, Inc 
(gq) 

Lebanon Steel Foundry, Pa (g) 

Linton Precision Casting Co., Ind (a, 
b,c,f,9,i) 

Mallory, P.R. & Co., Inc., Ind (b) 

McCarter Iron Works, Inc., Pa (c,g) 

Meehanite Metal Corp., NY (c) 

Metal Goods Corp., Mo (a,b,c,f) 

Metals Processing Div., Curtiss-Wright 
Corp., NY (f,g) 

Milwaukee Aluminum & Brass Foundry, 
Wis (a,b) 

Misco Precision Casting Co., Mich (c, 
f,g) 

National Bearing Div., American Brake 
Shoe Co., Pa (b) 

National Lead Co., NY (b,d) 

National Lead Construction Co., Inc., 
NJ () 

Ohio Steel Foundry Co., Ohio (f) 

Oids Alloy Co., Calif (a,b,d,f) 

Oregon Metallurgical Corp., Ore (h) 

Precision Founders, Inc., Calif (a,b,c,f, 
9,i) 

Precision Metalsmiths, Inc., Ohio (a, 
b,c,d,f,g) 

Quality Electric Steel Castings, Inc., 

Tex (g) 


Sandusky Foundry & Machine 
Co., Ohio 
(b,f,g)—Ad p 345 

Schilling Bronze Co., NY (b,d,f,j) 

Shetler Mfg. Corp., Mich (j) 

Sorbo-Mat Process 
neers, Mo 
(cX—Ad p 355 

Stainless Foundry & Engineering, Inc., 
Wis (f,g) 

State Foundry & Machine Co., Wis (c) 

Staver Co., Inc., NY (d) 

Stoody Co., Calif (d) 

Swayne-Robinson & Co., Ind (a,c) 

Terre Haute Bronze & Brass Foundry, 
Ind (b) 

Thys Co., Calif (a,b,c,f,g) 

True Alloys, Inc., Mich (a,b,d,f,j) 

U.S. Pipe & Foundry Co., Ala (c,g) 

Uniworld Research Corp. of America, 
Ohio (c) 

Utica Drop Forge & Tool Co., NY (f, 
9) 

Vollrath Co., Wis (g) 

Weatherhead Co., Ind (j) 

West Steel Casting Co., Ohio (f) 

Whitehead Metal Products Co., Inc., 
NY (f) 

Winters Foundry & Machine Co., Inc., 
Ohio (a,b) 

Wisconsin Centrifugal Foundry, 
Wis (a,b,d,f,g) 


Calif 


Engi- 


Inc., 


Castings, Die 


A & A Die Casting Co., Calif (a,d,j) 

Able Tool & Engineering Co., Il! (a,j) 

Accurate Metal Weather Strip Co., 
Inc., NY (j) 

Admiral Die Castings Div., Portable 
Electric Tools, Inc., Ill (a,j) 

— Pressure Castings, Inc., NY 
a,j 

— Tool & Die Casting Co., Wis 
a,j 

Ainsworth-Precision Castings 
Co., Div. of Harsco Corp., 
Mich 
(a,j)- Ad p 344 

Allen-Stevens Corp., NY (j) 

Aluminum Co. of America, Pa 
(ad—Ad p 331 

Ambrit Industries, Inc., Calif (a,d,)) 

— Aluminum Castings Co., NJ 
a 


American Crucible Products 
+ Ohio 
b) 








American Foundries Co., Mich (c) 


American Foundry & Machine Div., | 


Elmco Corp., Utah (g) 
Auel Industries, Pa (j) 
Auld, D.L. Co., Ohio (a,j) 
Aurora Metal Co., Ill (b) 
Badger Die Casting Corp., Wis (a,j) 


Belmont Smelting & Refining 
Works, Inc., NY 
(a,d) 

Beloit Foundry Co., Ill (c) 

Bendix Foundries, NJ (a,e; 

Briel Industries, Inc., Ind (a) 

— Casting Machine Co., Okla 
a 

Centr-O-Cast & Engineering Co., Mich 
(a) 

Century Die Casting Co., Ill (a,j) 

Chicago White Metal Casting, Inc., 
Itt (a,j) 

Cincinnati Foundry Co., Ohio (c) 

—_ Metal Products Co., Inc., NY 
J 

Conneaut Die Casting Co., Ohio (a,j) 

Continental Die Casting Corp., Mich 
(j) 

Crown Metal Co., Wis (d) 

Crucible Steel Co. of America, Pa (c, 
f,g) 

Davis Products Corp., NY (j) 

Dayton Bronze Bearing Co., Ohio (a,j) 

Dayton Malleable Iron Co., Ohio (a) 

Die Cast Products, Inc., Calif (a,j) 

Diecast Corp., Mich (a,j) 

Division Lead Co., Ill (d) 

Doehler-Jarvis Corp., Div. of National 
Lead Co., Ohio (a,b,e,j) 


Dollin Corp., NJ 
(a,d,j))—Ad p 350 

Dow Chemical Co., Magnesium Div., 
Mich (e) 

Duane Specialties, Ltd., NJ (j) 

Du-Wel Metal Products, Inc., Mich 
(a,j) 

Ehrsam, J.B. & Sons Mfg. Co., Kan 
(c) 

Electric Auto-Lite Co., Ohio (a,j) 

Federal Die Casting Co., Ill (a) 

Foster Aluminum Alloy Products Corp., 
NY (a) 

General Electric Co., Foundry Dept., 
NY (b) 

General Motors Corp., Fabricast Div., 
Ind (a) 

Grammes, L.F. & Sons, Inc., Pa (J) 

Grand Rapids Brass Co., Mich (J) 

Grey, C.M. Industries, Inc., NJ (a,j) 


Gries Reproducer Corp., NY 
(j) 

Hamilton Die Cast, Inc., Ohio (a,j) 

Hampden Brass & Aluminum Co., Mass 
(a,j) 

Harbot Die Casting Corp., NJ (a) 

Hardy Mfg. Corp., Ind (a,j) 

Harvey Aluminum Div., Harvey Ma- 
chine Co., Inc., Calif (a,j) 

Harvill Corp., Calif (a,b,e,j) 

Hercules Fastener Co., Ill  (j) 

Hica, Inc., La (9g) 

Hilfinger Corp., Ohio (j) 

Hoover Co., Die Casting Div., Ohio (a, 
) 

Humphrey Castings, Inc., Calif (a) 

Jersey Plastic & Die Casting Co., NJ 
(a,j) 

Kaiser Aluminum & Chemical 
Sales Inc., Il 
(a) 

Kamin Die Casting & Mfg. Co., Ill 
(a,j) 

Kent Castings Corp., Mich (j) 

King-Seeley Corp., Mich (j) 

Krone, Paul Die Casting Co., Ill (a,j) 

La France Precision Casting Co., Pa 
(p) 

Lake Erie Foundry Co., NY (c) 

Lester Castings, Inc., Ohio (a,j) 

Light Metals, Inc., Ind (a,e) 

Litemetal Dicast, Inc., Mich (e) 

Littlestown Hardware & Foundry Co., 
Inc., Pa (a) 

Livingston-Tyler Products, Ohio (j) 

Madison Kipp Corp., Wis (a,j) 








Magline Inc., Mich (a,e) 
Mallory, P.R. & Co., Inc., Ind (b,h) 
Manor Die Cast Corp., Ohio (a) 
Meehanite Metal Corp., NY (c) 
Meta-Mold Aluminum Co., Sub. of 
Dayton Malleable Iron Co., Wis (a,e) 
Milwaukee Die Casting Co., Wis (a,d,j) 
Missouri Diecasting Co., Mo (a,j) 
Model Brass Co., Inc., Ill (a,b) 
Moldcast Products, Inc., NJ (a) 


Monarch Aluminum Mfg. Co., 
Ohio 
(a,)—Ad p 336 

Monarch Tool & Mfg. Co., Ky (j) 

Mt. Vernon Die Casting Corp., Conn 
(a) 

National Lead Co., NY (a,b,d,e,j) 

National Lead Construction Co., Inc., 
NJ (d) 

National Malleable & Steel Castings 
Co., Ohio (j) 

National Supply Co., Industrial Prod- 
ucts Div., Calif (9) 


New Jersey Zinc Co., NY 
(j)—Ad p 325 

New Products Corp., Mich (a,e) 

Newton-New Haven Co., Conn (a,j) 

Norgren-Stemac, Inc., Colo (j) 

Olderman Mfg. Corp., Conn (j) 

Paragon Die Casting Co., Ill (a,j) 

Paramount Die Casting Co., Mich (a, 
e,j) 

Parker White Metal Co., Pa. 
(a,d,f,jM—Ad p 333 

Peasley Products, Inc., Conn (a,j) 

Phoenix Die Casting Co., NY (a,j) 

Pittsburgh Die & Casting Co., Pa 
(a,j) 

Porter, H.K., Inc., Forge & Fittings 
Div., Ohio (a,j) 

Rangers Die Casting Co., Calif (a,j) 

Republic Die Casting Co., Mo (a,j) 

Republic Metals Co., Inc., NY (d) 

Rupert Diecasting Co., Mo (a,j) 

St. Louis Diecasting Corp., Mo (a,j) 

St. Marys Foundry Co., Ohio (c) 

Sargent & Greenleaf, Inc., NY (a,j) 

Schilling Bronze Co., NY (a,b,d,f,)) 

Schneider, Bowman Co., Inc., Pa (c) 

Schultz Die Casting Co., Ohio (a,j) 

Southern Metal Products Co., La (a) 

Star Heel Plate Co., Inc., NJ (a,j) 

Staver Co., Inc., NY (d) 

Stella Products Corp., NJ (J) 

Sterling Die Casting Co., NY (a,j) 

Stewart-Warner Corp., Stewart Die 
Casting Div., Ill (a,e,J) 

Stuart Foundry Co., Mich (c) 

Superior Die Casting Co., Ohio (a,J) 

Thompson Products, Light Metals Div., 
Ohio (a) 

Titan Metal Mfg. Co., Pa (b) 

Tower Grove Foundry, Mo (c) 

Twin City Die Casting Co., Minn (a, 
d,j) 

Veeder-Root, Inc., Conn (j) 

Vulcan Rail & Construction Co., NY 
(a,c,g) 

Weber-Knapp Co., NY (a) 

West Irving Die Casting Co., Ill (a) 

Westland Die Casting, Inc., Calif (a,J) 

Wheaton Die Casting Corp., NJ (a,j) 


Castings, 


Investment 


All Metals Precision Casting Corp., 
NY (a,b,g9) 

Alloy Precision Castings Co., Ohio (a, 
b,c,e,f,9) 

Arwood Precision Castings Corp., NY 
(a,b,e,9) 

Austenal, Inc., NY (a,c,f,g) 

Bone Engineering Corp., Calif (a,b,f,g) 

Buckeye Brass & Mfg. Co., Ohio (a, 
b,c,9) 

Budd-Stanley Co., Inc., NY (a,b,e,f,h,J) 

Casting Engineers, inc., Ill 
(a,b,c,f,g)—Ad p 332 

Centrifugal Casting Co., NY (a,b,e,f, 
h,j) 











Chrysler Corp., Mich (a,b,c,e,f,g,h.j) 

Crucible Steel Co. of America, Pa 
(c,f,g) 

Eaton Mfg. Co., Foundry Div., Mich (c) 

Electric Steel Foundry Co., Ore (h) 

Electronicast Div., Nilsen Mfg. Co., 
Ill (a,b,c,e,f,9,h,j) 

Engineered Precision Casting Co., NJ 
(a,b,c,f,9) 

General Electric Co., 
NY (a,b,c,e,f,9,h,j) 

General Motors Corp., Fabricast Div., 
Ind (a,f) 

Gray-Syracuse, Inc., NY (a,b,c,f,g) 

Harcast Co., Inc., Pa (a,b,c,f,g) 

Haynes Stellite Co., Div. of Union 
Carbide Corp., Ind (f,9) 

Hawkridge Bros. Co., Mass (a,b,c,e,f, 
9,h,}) 


Foundry Dept., 


Hica, Inc., La (f,g) 
Hitchiner Mfg. Co., Inc., NH (a,b,c, 
f,g) 


Howard Foundry Co., Ill (a,b,c,f,g) 
Humphrey Castings, Inc., Calif (a,b,f,9) 
Illinois Precise Casting Co., Ill (a,b, 
f,g) 
International Nickel Co., Inc., 
NY 
(f) 
Investment Casting Co., NJ (a,b,c,f,g) 
Jelrus Precision Casting Corp., NY 
(a,b,c,e,f,9,h,j) 
Joseff-Hollywood Co., Calif’ (a,b,c,g) 
Kolcast Industries Div.,” Thompson 
Products, Inc., Ohio (a,c,f,9) 
Lawrence Laboratory, Calif (a,b,e) 


Lebanon Steel Foundry, Pa (9) 
Linton Precision Casting Co., Ind 
(a,b,¢,f,9,)) 


Loeffler, J.M. Co., Machine & Brass 
Works, Pa (b) 

Lynn Casting Corp., Calif (a,b,d) 

Meehanite Metal Corp., NY (c) 

Mercast Mfg. Corp., Calif (a,b,c,e,f,g) 

Metal Goods Corp., Tex (f) 

Midwest Precision Castings Co., Ohio 
(a,b,c, f,9) 

Misco Precision Casting Co., 
(c,f,9) 

National Precision Casting Corp., Div. 
of Beryllium Corp., Pa (a,b,c,f,g) 

Omni-Metal Castings, Inc., NY (a, 
b,c,f,9) 

Picco, Inc., Calif (a,b,c,f,g) 


Mich 


Precision Castparts Corp., Ore (a,b, 
f,g) 

Precision Founders, Inc., Calif (a, 
b,c,f,9,)) 


Precision Metalsmiths, Inc., Ohio (a, 
b,c,d,f,g) 

Rausch Mfg. Co., Minn (a,b) 

Rode, Inc., Mass (a,b) 

Rolle Mfg. Co., Pa (a,b,e,9) 

Solon Foundry, Inc., Ohio (a,e) 

Star Heel Plate Co., Inc., NJ (a,b) 

Staver Co., Inc., NY (d) 

Thompson, K.W. Tool Co., NY (a,b, 
c,e,f,g,h,j) 

Thys Co., Calif (a,b,c,f,g) 

United Shoe Machinery Corp., 
(g) 

Uniworld Research Corp. of America, 
Ohio (c) 


Wall Colmonoy Corp., Stain- 
less Process Div., Mich 
(c,f) 

Westinghouse Electric Corp., Ma- 
terials Mfg. Dept., Pa (a,b,c,f,9,h) 

Whitehead Metal Products Co., Inc. 
NY (f) 

York Casting, 
h,j) 

Z & H Mfg. Co., NY (a,b,c,e,f,9,h,j) 


Mass 


Inc., NY (a,b,¢,e,f,9, 


Castings, 
Nonmetallic 


(plastics and rubber) 


A & A Die Casting Co., 
Ace Plastic Co., NY (I) 


Calif (k) 














































































Se ee 











Suppliers of Materials 


Acushnet Process Co., Mass 
(m)—Ad p 220 

Ainsworth-Precision Castings 
Co., Div. of Harsco Corp., 
Mich 
(k,1) 

Allied Resinous Products, Inc., Ohio 
(k) 

American Agile Corp., Ohio (k) 
Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Ohio (1) 
Auburn Plastic Engineering, Ill (k) 
Automotive Rubber Co., Inc., Mich 

(m) 
Biggs, Carl H. Co., Inc., Calif (k,!) 
Boonton, Molding Co., NJ (k,I,m) 
Buckeye Molding Co., Ohio (k) 
Cadillac Plastic & Chemical Co., 
Mich (k) 
Campro Co., Ohio (k) 
Cast Optics Corp., NJ 
(k,1) 
Ceilcote Co., Ohio (I) 
— Development Corp., Mass 
= Rubber & Plastics Co., Ohio 
Disogrin Industries, Inc., NY (m) 
Douglas & Sturgess, Calif (I,m) 
Eby, Hugh H. Co., Pa (k,!) 
Electric Auto-Lite Co., Ohio (k,!) 
Eljay Corp., Md (I) 
Emerson & Cuming, Inc., Mass (k,!,m) 
Foss Mfg. Co., Plastics Div., Id (i) 
Fry Plastics Co., Calif (k,1) 
— Mills, Inc., Chemical Div., Ill 
1) 
Goodrich, B.F. Industrial Products Co., 
Ohio (k) 
Grimes Mfg. Co., Plastic Research 
Products, Ohio (1) 
Hays Mfg. Co., Pa (I) 
Houghton Laboratories, Inc., NY (I) 
Kerr, R.W. Plastic Co., Neb (k,I,m) 
Kurz Kasch, Inc., Ohio (1) 
Marbiette Corp., NY (I) 
— Rubber Products Co., NY 
| 
Minnesota Rubber Co., Minn (i,m) 
Minnesota Rubber & Gasket Co., Minn 
(k,m) 
Munray Products Div., Fanner Mfg. 
Co., Ohio (k,m) 
New England Tape Co., Inc., Mass (I) 
Pyrosil, Inc., Ohio (i) 
Reinhold Engineering & Plastics Co., 
Inc., Calif (1) 
Ren Plastics, Inc., Mich (i) 
Riverside Plastics Corp., NY (1) 
Robot Devices, Inc., Va (I) 
Sewell Mfg. Co., Mich (1) 
Sierra Electronic Corp., Calif (j) 
Superior Plastics, Inc., Ill (k) 
Sylvania Electric Products, 
inc., Parts Div., Pa 
(k,1) 
U.S. Stoneware Co., Ohio (k) 


Castings, 


Permanent Mold 


A C F Industries, Inc., NY (e) 

Abco Aluminum & Brass Works, Tex 
(a,d) 

Acme Aluminum Foundry Co., Ill (a) 

> we Aluminum Castings Corp., Ili 
(2 

Al-Fin Div., Fairchild Engine & Air- 
plane Corp., NY (a,e) 

Aluminum Alloys Corp., Mich (a) 

wv Co. of America, Pa 


Aluminum Casting & Engineering Co., 
Wis (a,j) 

Aluminum Industries, Inc., Ohio (a) 

Aluminum Permanent Mold 
Co., Mich 
(a)—Ad p 354 








American Aluminum Castings Co., NJ 
(a) 

American Brake Shoe Co., NY (a,b,j) | 

American Metal Climax, inc., | 
NY 
(b) 

Apex Steel Corp., Ltd., Calif (g) 

Baldt Anchor, Chain & Forge Div., | 
Boston Metals Co., Pa (a,b) 

Baldwin-Lima-Hamilton Corp., Pa (a, 
b,f) 

Belmont Smelting & Refining 
Works, Inc., NY 
(a,d,j) 

Bendix Foundries, NJ (a,e) 

Bohn Aluminum & Brass Corp., Mich 
(a) 

Bridgeport Brass Co., Conn (a) 

Briggs-Shaffner Co., NC (a) 

Bronze & Steel Die Casting Co., Ili 
(b) 

Buckeye Brass & Mfg. Co., Ohio (a, 
b,j) 

Bunker Hill Co., Calif (d,j) 

Bunting Brass & Bronze Co., Ohio (b) 

Calumet Div., Calumet & Hecla, Inc., 
Mich (c) 

Centrifugal Casting Machine Co., Okla 
(a) 

Centr-0-Cast & Engineering Co., Mich 
(a) 

Chattanooga Aluminum Foundry, Inc., 
Tenn (a) 

Cochrane Foundry, Inc., Pa (a,b,j) 

Crown Metal Co., Wis (d) 

Crucible Steel Co. of America, Pa 
(c,f,9) 

Davis Products Corp., NY (j) 

Dayton Malleable Iron Co., Ohio (a) 

Derby Castings Co., Conn (a) 

Dirilyte Co. of America, Inc., Ind (b) 

Division Lead Co., Ill (d) 

Dixie Bronze Co., Ala (a,b,f) 

Dostal Foundry & Machine Co., Mich 
(c) 

Dow Chemical Co., Magnesium Div., 
Mich (e) 

Eaton Mfg. Co., Foundry Div., Mich 
(c) 

Ehrsam, J.B. & Sons Mfg. Co., Kan 
(c) 

Electric Steel Foundry Co., Ore (f,9) 

Enterprise Wheel & Car Corp., Va (a) 

Est Co., Inc., Wis (a,e) 

Exaico Mfg. Co., Ohio 
(a)—Ad p 344 

Fairfield Aluminum Casting Co., Iowa 
(a) 

Flynn, Michael Mfg. Co., Pa (a) 

General Aluminum Mfg. Co., Ohio (a,e) 

General Electric Co., Foundry Dept., 
NY (c) 

General Motors Corp., Fabricast Div., 
Ind (a) 

Gillett & Eaton, Inc., Minn (a,c) 

Hampden Brass & Aluminum Co., Mass 
(a) 

Harvill Corp., Calif (a,e) 

Howard Foundry Co., Ill (a,e) 

Humphrey Castings, Inc., Calif (a) 

Johnson Bronze Co., Pa (b) 

Kaiser Aluminum & Chemical 
Sales, Inc., ll 
(a) 

Lebanon Steel Foundry, Pa (g) 

Light Metals, Inc., Ind (a,e) 

Littlestown Hardware & Foundry Co., 
Inc., Pa (a) 

Magline, Inc., Mich (a,e) 

Mallory, P.R. & Co., Inc., Ind (h) 

Manco Products, Inc., Mich (b) 

Manor Die Cast Corp., Ohio (a) 

Mansfield Brass & Aluminum Corp., 
Ohio (a) 

Marshall Car & Wheel Foundry Co., 
Inc., Tex (c) 

McLanahan & Stone Corp., Pa (c) 

Meehanite Metal Corp., NY (c) 

Metal Mold Magnesium Corp., Wis (e) 





Meta-Mold Aluminum Co., Sub of 


Dayton Malleable Iron Co., Wis (a,e) 
Moldcast Products, Inc., NJ (a) 
Monarch Aluminum Mfg. Co., 

Ohio 

(a)—Ad p 336 
Morse, Fred W. Co., RI (a,j) 
National Aluminum Mfg. Co., Ili (a) 
National Lead Construction Co., Inc., 

NJ (d) 

Olds Alloys Co., Calif (b,d,f) 

Oregon Metallurgical Corp., Ore (h) 
Parker, Charles Co., Conn (a,j) 
Peasley Products, Inc., Conn (a,j) 
Permold Co., Ohio (a) 

Rolle Mfg. Co., Pa (a,e) 

Schilling Bronze Co., NY (a,b,d,f,j) 
Schmeller Aluminum Foundry Co., Ohio 

(a) 

Skookum Co., Inc., Ore (g) 
Sorbo-Mat Process 
neers, Mo 

(c)h—Ad p 355 
Standard Magnesium Corp., Okla (e) 
Star Heel Plate Co., Inc., NJ (a,b) 
Staver Co., Inc., NY (d) 

Sterling Aluminum Products, Inc., Mo 

(a) 

Stewart-Warner Corp., 

Casting Div., Ill (a) 
Superb Light Alloys, Inc., NY (a,e) 
Texas Foundries, Inc., Tex (a,9) 
Thompson Products, Light Metals Div., 

Ohio (a) 

True Alloys, Inc., Mich (a,b,d,}) 
Universal Castings Corp., Il! (a,b) 
Vulcan Rail & Construction Co., NY 

(a,c) 

Waterman Industries, Inc., Callf (a) 
Wellman Bronze & Aluminum Co., 

Ohio (a,e) 

Williams, A.C. Co., Ohio (e) 
Winters Foundry & Machine Co., Inc., 

Ohio (a) 

Wisconsin Aluminum Foundry Co., Inc., 

Wis (a,b) 


Stewart Die 


Castings, Plaster 
Mold 


Al-Fin Div., Fairchild Engine & Air- 
plane Corp., NY (a,e) 

All Metals Precision Casting Corp., NY 
(a,b) 

Alloy Precision Castings Co., Ohio (a, 
b,c,e,f,9) 

Aluminum Co. of America, Pa 
(a) 

Atlantic Casting Engineering 
Corp., NJ 
(a,b)—Ad p 346 

Bean, Morris & Co., Ohio 
(a)—Ad p 364 

Beloit Foundry Co., Ill (c) 

Bendix Foundries, NJ (a,e) 

Curtiss-Wright Corp., NY (9) 

Derby Castings Co., Conn (a) 

= , J.B. & Sons Mfg. Co., Kan 
c 

General Motors Corp., Fabricast Div., 
Ind (a) 

Hampden Brass & Aluminum Co., Mass 


(a) 
Humphrey Castings, Inc., Calif (a) 
Lebanon Steel Foundry, Pa (g) 
Lincoln Foundry Corp., Calif (c) 
Loeffler, J.M. Co., Machine & Brass 


Works, Pa (b) 

Meehanite Metal Corp., NY (c) 
Mercast Mfg. Corp., Calif (a,b,c,e, 
f,g) 

Ohio Precision Castings, Inc., Ohio 
(a,b,f) 


Olderman Mfg. Corp., Conn (b) 
Ross-Meehan Foundries, Tenn (c,9) 
Schilling Bronze Co., NY (a,b,d,f,j) 
Schneider, Bowman Co., Inc., Pa (c) 
Searjeant Metal Products, Inc., NJ 
(a,c) 

Solon Foundry, Inc., Ohio (a,e) 





Letters in ( ) indicate materials and forms—turn page for key 











Sorbo-Mat Process Engi- 
neers, Mo 
(c)h—Ad p 355 
True Alloys, Inc., Mich (a,b) 
Universal Castings Corp., Ili (a,b 
Wayne Foundry & Stamping Co., 
Mich (j) 


Western Iron & Foundry Co., Inc., 
Kan (c) 


Castings, Sand 


Abco Aluminum & Brass Works, Tex 
(a,b,d,f,j) 

Acco Malleable Casting Div., Ameri- 
can Chain & Cable Co., Inc., Pa 
(c) 

Acco Steel Casting Div., American 
Chain & Cable Co., Inc., Pa (b 
c,g) 

Acme Aluminum Foundry Co., Ii! (a) 

Acme Foundry & Machine Co., Kan 
(c) 

Acme Foundry & Machine Co., Okia 
(c) 

Advance Foundry Co., Ohio (c) 

Aelco Foundries, Inc., Wis (a,b,d,e, 
f,g) 

Albany Car Wheel Co., Inc., NY (c) 

Albert Lea Foundry Co., Minn (c) 

Albion Malleable Iron Co., Mich (c) 

Alcasco Foundry, Ili (a,b) 

Al-Fin Div., Fairchild Engine & Air- 
plane Corp., NY (a,e) 

Allegheny Foundry Co., Pa (c) 


; 


Allegheny Ludium Steel 
Corp., Pa 

(g) 

Allied Steel Castings Co., Ill (g) 


Alloy Cast Steel Co., Ohio (g) 

Alloy Steel Casting Co., Pa (f,g) 

Almont Mfg. Co., Mich (c) 

Alten Foundry & Machine Works, 
Inc., Ohio (c) 

Aluminum Alloys Corp., Mich (a)- 
Aluminum Co. of America, Pa 
(a,e) 

Aluminum Industries, Inc., Ohio (a) 
Aluminum Permanent Mold 
Co., Mich 
(a) 

Amalgamated Steei Corp., Ohio (g) 

American Aluminum Casting Co., NJ 
(a) 

American Brake Shoe Co., 
b,j) 

American Car & Foundry Div., ACF 
Industries, Inc., NY (c) 
American Cast Iron Pipe Co., 
Ala 
(c,f,g) 

American Crucible Products 
Co., Ohio 
(b) 

American Foundries Co., Mich (c) 
American Laundry Machinery Co., NY 
(c) 

American Light Alloys, Inc., NJ (a, 
e) 

American Manganese Steel Div., 
American Brake Shoe Co., Ili (g) 


American Metal Climax, Inc., 
NY 
(b) 
American Sanitary Mfg. Co., Ill (b) 
American Steel Foundries, Ind (9) 
American Steel Foundries, Iii (9) 
Ampco Metal, Inc., Wis (b) 
Apex Foundry, Inc., Mich (c,e,f) 
Apex Steel Corp., Ltd., Calif (9) 
Arkansas Foundry Co., Ark (c) 
Arneson Foundry Co., Wis (c,9) 
Arnold Engineering Co., Ill (a,c,f) 
Arzt, T.L. Foundry Co., Ill (c) 
Atlantic Foundry Co., Ohio (c,9) 
Atlantic Steel Castings Co., Pa (9) 
Atlas Brass Foundry, Calif (b) 
Atlas Foundry Co., Ohio (c) 
Atlas Foundry & Machine Co., Wash 
(c,g) 
Atlas Foundry & Mfg. Co., Calif (c) 
Auto Specialties Mfg. Co., Mich (c) 


NY (a, 





Badger Malleable & Mfg. Co., Wis 
(c) 

Banner Iron Works, Mo (c) 
Barnard Foundry Co., Inc., Mass (b) 
Barnett Foundry & Machine Co., NJ 
(c) 

Baxter Foundry & Machine Works, 
Inc., Id (a,b,c) 

Bay City Electric Steel Casting Co., 
Mich (g) 

Bay City Foundry Co., Mich (c) 
Bay State Tool & Machine Co., Mass 


(g) 
Bean, Morris & Co., Ohio 
(ch—Ad p 364 


Bearium Metals Corp., NY (b) 
Beaver Valley Alloy Foundry Co., Pa 
(c,g) 
Belcher 
(c) 
Bellaire Stove Co., Ohio (c) 

Belle City Malleable Iron Co., Wis 
(c) 

Beloit Foundry Co., Ill (¢) 

Bendix Foundries, NJ (a,e) 
Beryllium Corp., Pa (b) 

Bethienem Steel Co., Pa (c,g) 
Bierman-Everett Foundry Co., NJ (a, 
b,c) 

Bignall Co., NY (c) 

Black-Clawson Co., Ohio (c) 
Blackmer Pump Co., Ohio (c) 
Blaw-Knox Co., Pa (f,g) 

Bohn Aluminum & Brass Corp., Mich 
(a) 

Bond, Charles Co., Pa (c) 

Bonnot Co., Ohio (c) 

Bridgeport Brass Co., Conn (a,b,c) 
Briggs-Shaffner Co., NC (a,c) 
Brinkerhoff Brass & Bronze Works, 
Inc., NY (a) 

Bruce Foundry and Mfg. Co., Mich 
(c) 

Buckeye Iron & Brass Works, Ohio 
(a,b) 

Bunting Brass & Bronze Co., Ohio 
(b) 

Butler Engine & Foundry Co., Inc., 
Pa (a,b,c) 
Cadillac Malleable 
(c) 

Calorizing Co., Pa (f,9) 

Calumet Div., Calumet & Hecla, Inc., 
Mich (c) 

Calumet Steel Castings Corp., Ind 
(g) 
Campbell, 
Co., Div. 
(c,g) 

Canton Malleable Iron Co., Ohio (c) 
Carondelet Foundry Co., Mo (c,f) 
Case, J.I. Co., Wis (c¢) 

Casting Service Corp. of Michigan, 
Mich (c) 

Chain Belt Co., Wis (c) 
Chambersburg Engineering Co., Pa 
(c) 

Chase Brass & Copper Co., Conn (b) 

Chattanooga Aluminum Foundry, Inc., 
Tenn (a) 

Chicago Aluminum Castings, Ill (a) 

Chicago Hardware Foundry Co., Ili 
(a,b,c) 

Chicago Malleable Castings Co., III 


(c) 
Foundry Co., Ohio (c) 


Malleable Iron Co., Mass 


Iron Co., Mich 


Wyant & Cannon Foundry 
of Textron, Inc., Mich 


Cincinnati 

Clark Bros. Co. Dlv., Dresser Opera- 
tions, Inc., NY (c) 

Clarksville Foundry & Machine Works, 
Tena (c¢) 

Cleveland Foundry & Mfg. Co., Inc., 
Tenn (c) 

Clinton Metal Products Co., Ohio (a) 

Cochrane Foundry, Inc., Pa (a,b,J) 

Columbian Bronze Corp., NY (a,b,j) 

Columbiana Pump Co., Ohio (c) 

Commercial Iron Works, Calif (c) 

— Steel Casting Co., Ohio 
g 

Compton Foundry, Callf (c) 

Continental Gin Co., Ala (c) 

Cooper Alloy Corp., NJ 
(g,h)—Ad p 353 










Cooper-Bessemer Corp., Ohio (c) 
Copper & Brass Sales, Inc., 
(a,b) 
Crawford & Doherty Foundry Co., 
Ore (c) 
Crown Non-Ferrous Foundry, Inc., Pa 
(a,b,f) 
Crucible Steel Co. 
(c,g) 
Crucible Steel Casting Co., Pa (g) 
Curtiss-Wright Corp., Metals 
Processing Div., NY 
(f,9) 
Dalton Foundries, Inc., Ind (c) 
Darling Valve & Mfg. Co., Pa (c) 
Dayton Bronze Bearing Co., Ohio 
(a,b) 
Dayton Foundry, Calif (c) 
Dayton Malleable Iron Co., Ohio (a, 
c) 
Decatur Casting Co., Ind (c) 
Decrow Engineering Corp., NY (a,b) 
De Laval Steam Turbine Co., NJ (c) 
Derby Castings Co., Conn (a,b) 
De Sanno Foundry & Machine Co., 
Calif (a,b) 
Detroit Brass & Malleable Co., Mich 
(c) 
Deuscher, H.P. Co., Ohio (c) 
Dexter Foundry Div., Philco Corp., 
Iowa (c) 
Dirilyte Co. 
(b) 
Dixie Bronze Co., Ala (a,b,f) 
Dormont Mfg. Co., Pa (b) 
Dow Chemical Co., Magnesium Div. 
Mich (e) 
Driver-Harris Co., NJ (f) 
Duluth Brass Works Co., Minn (a,b) 
Duraloy Co., Pa (9) 
East Birmingham Bronze Foundry Co., 
Ala (a,b) 
Eastern Malleable Iron Co., Del (ag) 
Ehrsam, J.B. & Sons Mfg. Co., Kan 
(c) 
Elchinger, Charles F., La (a,b) 
Electric Auto-Lite Co., Ohio (c) 
Electric Materlals Co., Pa (b) 
Electric Steel Foundry Co., Ore (f,g) 
Electro-Alloys Div., American Brake 
Shoe Co., Ohlo (9) 


of America, Pa 


of America, Inc., Ind 


Electron Corp., Colo (c,f) 
Elk Engineering Works, Inc., Pa 
(a,b,c) 


Elkhart Foundry & Machine Co., 
Inc., Ind (c) 

Elkhart Iron Works, Mich (c) 

Elyria Foundry Div., Chromalioy Corp., 
Ohio (c) 

Emmaus Foundry & Machine Co., Pa 
(a,b,c) 

Empire Foundry Co., Inc., Calif (c,g) 

Empire Steel Castings, Inc., Pa (g) 

Enterprise Wheel & Car Corp., Va (a, 
b,c) 

Erie Bronze Co., Pa (a,b) 

Erie Casting Co., Pa (c) 

Erie Malleable Iron Co., Pa (c) 

Eureka Electric Products Co., Pa (a,b) 

Fahralloy Co., Ill (9) 

Fairbanks, Morse & Co., Wis (c) 

Fairfield Aluminum Castings Co., lowa 
(a) 

Falk Corp., Wis (9) 

Federal Malleable Co., Wis (c) 

Fischer Casting Co., Inc., NJ (a) 

Fitchburg Foundry, Inc., Mass (c) 

—_ \ a Brass & Electric Co., Pa 
a,b 

Florence Pipe Foundry & Machine 
Co., NJ (c) 

Florin Foundry & Mfg. Co., Pa (c) 

Fort Pitt Steel Casting Div., Pitts- 
burgh Steel Foundry Corp., Pa (f,9) 

Fort Worth Steel & Machinery Co., 
Tex (c) 

Frederick Iron & Steel, Inc., Md (c) 

Fremont Casting Co., Mass (c) 

Frontier Bronze Corp., NY (a,b,f) 

Fulton Foundry & Machines Co., Inc., 
Ohio (c) 

G & C Foundry Co., Ohio (c) 

Gale Mfg. Co., Mich (c) 

Gardner-Denver Co., Ill (c) 


Mich | 





Gartiand Foundry Co., Ind (c) 

General Alloys Co., Mass (f) 

General Electric Co., Foundry Dept., 
NY (a,b,c,f,g) 

General Foundry & Mfg. Co., Mich (c) 

General Malleable Corp., Wis (c) 

General Metals Corp., Calif (c) 

General Motors Corp., Central Foundry 
Div., Mich (c) 

General Motors Corp., Fabricast Div., 
Ind (a) 

Georgia Iron Works, Ga (c) 

Gibson & Kirk Co., Md (a,b,f) 

Gilbert Brass Foundry Co., Mo (a,b) 

Gillett & Eaton, Inc., Minn (a,c) 

Glover Machine Works, Ga (g) 

Gluntz Brass & Aluminum Foundry 
Co., Ohio (a,b,j) 

Goslin Birmingham Mfg. Co., 
Ala (c) 

Gowanda Furnaces, Inc., NY (c) 

Grafton Foundry Co., Wis (c) 

Graham, James Co., Conn (b) 

Gra-Iron Foundry Corp., Iowa (c) 

Green Bay Foundry & Machine Works, 
Wis (a,b,c) 

Greenlee Foundry Co., Ill (c) 

Grimm Foundry Co., Inc., NJ (c) 

Gunite Foundries Corp., Ill (c,g) 

H & H Foundry Machine Co., Pa (c) 

Hallstead Foundry, Inc., Pa (c) 

Hamilton Foundry & Machine Co., Ohio 
(c) 

Hampden Brass & Aluminum Co., Mass 
(a,b,)) 

Hansell-Elcock, Ill (c) 

Hardinge Mfg. Co., Pa (c) 

Hartford Electrical Steel Corp., Conn 
(g) 

Haynes Stellite Co., Div. of Union 
Carbide Corp., Ind (f) 

Hays Mfg. Co., Pa (b) 

Headford Bros. & Hitchins Foundry 
Co., Iowa (c) 

Helmick Foundry-Machine Co., 
(c) 

Hewitt, John Foundry Co., NJ (a,b,c) 

Hica, Inc., La (f,g9) 

Hills-McCanna Co., Il! (d) 

Hobbs, Clinton E. Co., Mass (a,b,c) 

Hodgson Foundry Co., Ill (a,b,c,d) 

Hoffman Bronze & Aluminum Casting 
Co., Ohio (a,b) 

Homestead Valve Mfg. Co., Pa (a,b,c, 
f) 

Howard Foundry Co., Ill (a,b,c,e,f,9) 

Humphrey Castings, Inc., Calif (a) 

Hunt-Spiller Mfg. Corp., Mass (c,g9) 

I-F Mfg. Co., Ohio (c) 

Ittinois Iron & Bolt Co., Ill (a,f) 

Independence Stove & Mfg. Co., Mo 
(c) 

Indiana Brass Co., Inc., Ind (b) 

Industrial-Ferguson Foundry Corp., NJ 
(a,b,f,)) 

international Nickel Co., Inc., 
NY 
(f) 

Iowa Malleable Iron Co., lowa (c) 

Ironton Malleable Div., Dayton Mal- 
leable Iron Co., Ohio (c) 

Irwin Foundry & Mine Car Co., Pa (c) 

= Malleable Iron Corp., NY 
c) 

Johnson Bronze Co., Pa (b) 

Johnstone Foundries, Inc., Pa (c) 


Kaiser Aluminum & Chemical 
Sales, Inc., Il 
(a) 
Kanawha Mfg. Co., W. Va (c) 
Kansas City Hay Press Co., Mo (c) 
Kay-Brunner Steel Products, Inc., 
Calif (g) 
Keen Foundry Co., Inc., Ind (c) 
Kelly Foundry Co., Pa (c) 
King-Seeley Corp., Mich (c) 
Kingsport Foundry & Mfg. Corp., Tenn 
(a,b,c, f) 
Klinzing, A.F. Co., Inc., Wis (c,9) 
Koehring Co., Wis (c) 
Kramer Bros. Foundry Co., Ohio (c) 
my Foundry & Machine Corp., 
Pa (c) 


Inc., 


WVa 








L F M Mfg. Co., Inc., Sub. of Rock- 
well Mfg. Co., Kan (g) 

Laconia Malleable Iron Co., NH (c) 

Lake Erie Foundry Co., NY (c) 

Lakeside Bronze, Inc., NY (a,b) 

Lakeside Malleable Casting Co., Wis 
(c) 

Langsenkamp-Wheeler 
Inc., Ind (a,b) 

La Porte Foundry Co., Ind (a,c) 

Larson, W.0. Foundry Co., Ohio (c) 

Lattimer Foundry and Machine Co., Pa 
(a) 

Lawrence Copper & Bronze Co., Pa (b) 

Lawton, C.A. Co., Wis (a,c) 

Lebanon Steel Foundry, Pa (9) 

Le Baron, E.L. Foundry, Mass (c) 

Lee Bros. Foundry Co., Inc., Ala (b) 

Lehigh Foundries Co., Div. of Lehigh, 
Inc., Pa (c) 

Leitelt Bros., Inc., If! (a,b) 

Letukas Foundry, Ind (c) 

Lewistown Foundry & Machine Co., Pa 
(a,c,d) 

Liberty Foundry Co., Mo (c,g) 

Light Metals, Inc., Ind (a,e) 

Lincoln Foundry Corp., Calif (c) 

Lincoln Iron Works, Vt (a,c,9) 

Link-Belt Co., Ill (c) 

Littite Foundries, Inc., Mich (c) 

Littlestown Hardware & Foundry Co., 
Inc., Pa (a,b,c) 

Lloyd & Scott Brass Foundry, Inc., Del 
(a,b) 

Lodge Mfg. Co., Pa (c) 

Lodi Iron Works, Inc., Calif (c) 

Loeffler, J.M. Co., Machine & Brass 
Works, Pa (b) 

Long Beach Iron Works, Calif (c) 

Long Foundry Co., Wash (c) 

Lorain Brass Co., Ohio (b) 

Los Angeles Steel Casting Co., Calif 
(g) 

Ludiow Valve Mfg. Co., Inc., NY (c) 

Lumen Bearing Co., NY (b,d,j) 

Lynchburg Foundry Co., Castings Div., 
Va (c) 

Macaulay, H.C. Foundry Co., Calif (c) 

Mackintosh-Hemphill Div., E.W. Bliss 
Co., Pa (9) 

Madison Foundry Co., Ohio (c) 

Magline, Inc., Mich (a,e) 

Mallory, P.R. & Co., Inc., Ind (b,f,h) 

Mansfield Brass & Aluminum Corp., 
Ohio (a,b) 

Marshall Car Wheel & Foundry Co., 
Inc., Tex (c) 

Massillon Steel Casting Co., Ohio (9) 

McLanahan & Stone Corp., Pa (c) 

McNally Pittsburgh Mfg. Co., Kan (c) 

Meadville Malleable Iron Co., Pa (c) 

Meehanite Metal Corp., NY (c) 

Merrimac Brass, Mass (a,b,d,e,f) 

Merriman Bros., Inc., Mass (b) 

Metal Goods Corp., Mo (f) 

Metropolitan Iron Foundry, NY (a,c) 

Midwest Foundry Co., Div. of L.A. 
Darling Co., Mich (c,9) 

Midwestern Foundries, Inc., Ind (c) 
Milwaukee Aluminum & Brass Foundry, 
Wis (a,b) 

Milwaukee Malleable & Grey Iron 
Works, Wis (c) 

Milwaukee Valve Co., Wis (a,b) 

Minneapolls Electric Steel Casting Co., 
Minn (9) 

Missouri Steel Castings Co., Mo (g) 
Model Brass Co., Inc., Ill (a,b) 
Modern Brass Foundry & Mfg. Co., 
Ohio (a,b) 

Moline Malleable Iron Co., Il! (c) 
Monroe Steel Castings Co., Mich (9) 

Montague Machine Co., Mass (b,c,f) 
Moore Dry Dock Co., Calif (g) 
Morrisville Foundry Co., Inc., Vt (c) 

Morse, Fred W. Co., RI (a,j) 

Mount Vernon Furnace & Mfg. Co., 
Itt (c) 

Mueller Brass Co., Mich 
(a,b)—Ad p 357 
Muskegon Piston Ring Co., Mich (b, 
c) 
National 
(a,b) 


Brass Works, 


Aluminum Co., Inc., Wis 
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National Aluminum & Brass Foundry, 
Inc., Mo (a,b) 
National Bearing Div., 

Brake Shoe Co., Pa (b) 

National Brass Works, Inc., Calif 

(a,b,d,f) 

National Grey Iron Foundry, Il! (c) 
National Malleable & Steel Castings 
Co., Ohio (c,g) 

National Steel & Shipbuilding Corp., 
Calif (c) 

National Supply Co., Pa (g) 
Neenah Foundry Co., Wis (c) 
Newman Bros., Inc., Ohio (a,b) 
Noble & Wood Machine Co., NY (c) 
North Wales Foundry Co., Inc., Pa 
(c) 

Northern Malleable Iron Co., Minn (c) 
Nutmeg Crucible Steel Co., Conn (g) 
Oak Hill Foundry & Machine Works, 
Ohio (c) 

Oakes Bronze & Aluminum Co., Ohio 
(a,b) 

Oakland Foundry & Machine Co., 
Mich (c) 

Ohio Malleable Div., Dayton Malle- 
abie Iron Co., Ohio (c¢) 

Ohio Precision Castings, Inc., Ohio 
(a,b,f) 

Chio Steel Foundry Co., Ohio (f,g) 
Oil City Iron Works, Tex (c) 
Oklahoma Steel Castings Div., Amer- 
ican Steel & Pump Corp., Okla (g) 
Olderman Mfg. Corp., Conn (b) 
Olds Alloys Co., Calif (a,b,d,f) 
Olympic Steel Works, Wash (g) 
Omaha Steel Works, Neb (g) 
Oregon Brass Works, Ore (a,b) 
Overmyer Mould Co., Inc., Ind (c,f,g) 
Owen Pattern Foundry & Mfg Co., 
Inc., Va (a,b) 

Pacific Brass Foundry of San Fran- 
cisco, Calif (a,b,d,f,j) 

Pacific Foundry Co., Ltd., Calif (c,g) 
Palmyra Foundry Co., Inc., NJ (c) 
Parker, Charles Co., Conn (a,b) 
Parker-Street Castings Co., Ohio (c) 
Paulson, Thomas & Son, Inc., NY 
(a,b,f,j) 

Payne, F.S. Co., Mass (c) 

Pelton Steel Casting Co., Wis (g) 
Penn Steel Castings Co., Pa (g) 
Pennsylvania Malleable Iron Corp., 
Pa (c) 

Peoria Malleable Casting Co., Ill (c) 
Pequonnock Foundry, Inc., Conn (c) 
Perfecto Cast, Calif (f,g) 

Perkins, Henry Co., Mass (c) 
Permold Co., Ohio (a) 

Pettibone Mulliken Corp., Ill (g) 
Pittsburgh Foundry & Machine Co., 
Pa (c) 

Pittsburgh Steel Foundry Corp., Pa 
(g) 

Pohiman Foundry Co., Inc., NY (c) 

Portland Iron Works, Ore (c) 

Posey Iron Works, Inc., Pa (c,g) 
Potts, C. & G. Co., Ind (c) 

Pratt, William E. Mfg. Co., Ill (c) 


American 





Prescott Co., Mich (a,c) 
Pusey & Jones Corp., Del (c) 


Quaker Alloy Casting Co., Pa (c,f,g) | 


Quality Electric Steel Castings, Inc., 
Tex (g) 

Quest, J.F. Foundry Co., Minn (c) 
Quincy Steel Casting Co., Mass (g) 
Racine Steel Castings Co., Belle City 
Malleable Iron Div., Wis (c) 
Refinery Castings (Co., Tex (g) 
Reliance Foundry Co., Ohio (c) 
Rensselaer Valve Co., NY (c) 
Richmond Foundry & Mfg. Co., Inc., 
Va (a,b,c,d,f,)) 

Ridge Foundry, Calif (c) 

Riverside Foundry & Galvanizing Co., 
Mich (a,b,c,f) 

Rolle Mfg. Co., Pa (a,e) 

Rosedale Foundry & Machine Co., Pa 
(c) 

Ross-Meehan Foundries, Tenn (c,g) 
Saginaw Bearing Co., Mich (a,b) 
St. Louis Malleable Casting Co., Mo 
(c) 

St. Louis Stee! Casting, Inc., Mo (9) 
St. Marys Foundry Co., Ohio (c) 
Sall Bros. Co., Ill (a,b) 

San Francisco Iron Foundry, Calif 
(a,c) 

Sandy Hill Iron & Brass Works, NY 
(a,b,c) 

Saran Lined Pipe Co., Mich (c,9) 
Sargent & Greenleaf, Inc., NY (a,b) 

Schaefer-Goodnow Foundries, Inc., Pa 
(c) 

Schilling Bronze Co., NY (a,b,d,f,)) 

Schmeller Aluminum Foundry Co., 
Ohio (a) 

Schneider, Bowman Co., Inc., Pa (ec) 

Scottdale Ozone Co., Pa (a,c) 
Scovill Mfg. Co., Mill Prod- 
ucts Div., Conn 
(b) 

Scudder, E. J. Foundry & Machine 
Co., NJ (f,9) 

Scullin Steel Co., Mo (g) 

Searjeant Metal Products, Inc., NJ 
(a,c) 

Selma Foundry & Machine Co., Ala 
(c) 

Sequoia Metalcraft Co., Inc., Calif 
(e) 

Shakopee Foundry Co., Minn (c) 

Sharpsville Steel Fabricators, Inc., 
Pa (c,g) 

Shartle Div., Black-Clawson Co., Ohio 
(a,b,c) 

Sheffield Foundry Co., Ill (c) 

Shenango Furnace Co., Ohio (c) 

Sherman & Reilly, Inc., Tenn (a, 
c,9) 

Shriver, T. & Co., Inc., NJ (a,b,c,d) 

Sibley Machine & Foundry Corp., Ind 
(c) 

Sinclair Co., Mass (a,b) 

Sioux City Foundry & Boiler Cc., 
lowa (a,c) 

Sivyer Steel Casting Co., Wis (g) 

Smith, A.P. Mfg. Co., NJ (c) 





Smith & Winchester Mfg. Co., Conn 
(a,b,c,g) 

Solon Foundry, Inc., Ohio (a,b,e) 
Somerset Foundry & Machine Co., Pa 
(a,c,d) 

Sonith Foundries, Food 
Corp., Ind (b,c) 
Sorbo-Cast Corp., NJ (c) 
Sorbo-Mat Process 
neers, Mo 
(c)—Ad p 355 

Southern Metal Products Co., La (a) 

Sparta Foundry Div., Muskegon Pis- 
ton Ring Co., Mich (b,c) 
Spencer’s, 1.S. Sons, Inc., Conn (a, 
b,c) 

Spring City Foundry Co., Pa (c) 

Springer’s Foundry Co., Inc., Ind 
(a,c) 

Springfield Foundry Co., Mass (c) 

Spuck Iron & Foundry Co., Mo (c) 

Stainless Foundry & Engineering, Inc., 
Wis (f,9) 

Standard Casting Corp., Ill (a,b,d) 

Standard Foundry Co., Mass (c) 

Standard Steel Works Div., Baldwin- 
Lima-Hamilton Corp., Pa (g) 

Stanwood Corp., Ill (9) 

Star Heel Plate Co., Inc., NJ (c,g) 

State Foundry & Machine Co., Wis 
(c) 

Stearns-Roger Mfg. Co., Colo (c) 

Sterling Brass Foundry, Inc., ind 
(a,b) 

Sterling Foundry Co., Inc., Ill (a, 
b,c) 

Sterrit-Thomas Foundry Co., Pa (c) 

Stillman White Foundry Co., Inc., RI 
(a,b,d) 

Strong Steel Foundry Co., NY (g) 

Stuart Foundry Co., Mich (c) 

Stulz-Sickles Co., NJ (g) 

Superb Light Alloys, Inc., NY (a,e) 

Superior Foundry, Inc., Ohio (c,g) 

Swayne-Robinson & Co., Ind (a,c) 

Swedish Crucible Steel Co., Mich (g) 

Swett, A.L. Iron Works, NY (c) 

Taylor & Co., Inc., NY (c) 

Taylor & Boggis Foundry, Ohio (c) 

Terre Haute Bronze & Brass Foundry, 
Ind (b) 

Terre Haute Malleable & Mfg. Corp., 
Ind (c) 

Texas Foundries, Inc., Tex (c,g) 

Thys Co., Calif (9) 

Tower Grove Foundry, Mo (c) 

Trenton Brass Co., NJ (b) 

True Alloys, Inc., Mich (a,b,d,f,}) 

Turner & Seymour Mfg. Co., Conn (c) 

Union Iron Works, Wash (c,g9) 

Unitcast Corp., Ohio 

(g) 

U.S. Pipe and Foundry Co., Ala (c) 

U.S. Steel Corp., Oi! Well Supply 
Div., Tex (c,g) 

Uniworld Research Corp. of America, 
Ohio (c) 

Utica General Jobbing Foundry, Inc., 
NY (c) 


Machinery 





MATERIALS 
a—Aluminum and its alloys 
b—Copper and its alloys 


d—tLead and its alloys 
BASIC FORMS 





c—lIron and its alloys (except steel) 


-_—— — Se a a a a a one 


KEY 


e—Magnesium and its alloys 
f—Nickel and its alloys 
ge—Steels 

h—Titanium anc iis alloys 


n—Anodes r—Custom formed parts v—Foil aa—Powder 
o—Bar (incl. specialties) w—lIngot bb—Rod 
polymers or gums s—Fibers x—Laminating, casting co—Sheet 
p—Base resins t—Film resins dd—Strip 
; u—Foams (component y—Molding compounds eo—Tubing 
q—Billets materials or products) z—Plate ff—Wire 


j—Zinc and its alloys 
k—Thermoplastics 
t—Thermosetting plastics 
m-—Elastomers 
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Utica Radiator Cerp., NY (c) 

Valley Iron Works, Inc., Minn (c) 

Valley Steel Casting Co., Mich (g) 

Viking Pump Co., Iowa (c) 

Vollrath Co., Wis (a,b,g) 

Vulcan Foundry Co., Calif (c) 

Vulcan Rail & Construction Co., Ny 
(a,c,g) 

Wagner Malleable Iron Co., Iii (c) 
Wall Colmonoy Corp., Stain- 
less Process Div., Mich 

(c,f) 

Waltham Foundry Co., Mass (a,c) 

Washington Iron Works, Wash (c) 

Waterman Industries, Inc., Calif (a, 
b,c) 

Waukesha Foundry Co., Wis 
(a,b,f,g)—Ad p 350 

Wayne Agricultural Works, Inc., NC 
(b,c) 

— Foundry & Stamping Co., Mich 
i) 

Weber-Knapp Co., NY (a) 

Webster Mfg. Inc., Ohio (c) 

Wellman Bronze & Aluminum Co., Ohio 
(a,e) 

Werner Foundry & Machine Co., Pa (c) 

7" Haven Foundry Co., Conn (a,b,d, 
) 

West Point Foundry & Machine Co., 
Div. of Batson-Cook Co., Ga (a,c,d) 

West Steel Casting Co., Ohio (f,9) 

Western Automatic Machine Screw Co., 
Ohio (c) 

Western Foundry & Machine Works, 
Inc., Kan (c) 

Western Iron & Foundry Co., Inc., 
Kan (c) 

Westlectric Castings, Inc., Calif (g 

— Malleable Iron Co., NY 
c) 

Whitehead Metal Products Co., Inc 
NY (f) 

Williams, A.C. Co., Ohio (e) 

Williams, E.A. & Son, NJ (a,b) 

Winters Foundry & Machine Co., Inc., 
Ohio (a,b,d,f,j) 

Wisconsin Aluminum Foundry Co., 
Inc., Wis (a,b) 

Wollaston Foundry Corp., Mass (c) 

Woodruff & Edwards, Inc., Ill (c) 

Worthington Corp., NJ (c) 

Zenith Foundry Co., Wis 
(c) 


“" 


Castings, Shell 
Mold 


Abco Aluminum & Brass Works, Tex 
(a,b,d,f,j) 

Aelco Foundries, Inc., Wis (a,b,f,9) 

Albion Malleable Iron Co., Mich (c) 

Alloy Precision Castings Co., Ohio (a, 
b,c,e,f,g) 

Alloy Steel Casting Co., Pa (f,9) 

Almont Mfg. Co., Mich (c) 

— Aluminum Casting Co., NJ 
a) 

American Cast Iron Pipe Co., 
Ala 
(c) 

American Manganese Steel Div., 
American Brake Shoe Co., Ili (9) 

American Steel Foundries, II! (9) 

Ampco Metal, Inc., Wis (b) 

Atlas Foundry & Mfg. Co., Calif (a,b, 
c,g) 

Aurora Metal Co., Ill (b) 

Austenal, Inc., NY (a,c,f,g) 

Auto Specialties Mfg. Co., Mich (g) 

Baxter Foundry & Machine Works, 
Inc., Ind (c) 

Bendix Foundries, NJ (a,e) 

Bethlehem Steel Co., Pa (g) 

Biaw-Knox Co., Pa (f,g) 

Buckeye Brass & Mfg. Co., Ohio (a,b) 

Cadillac Malleable Iron Co., Mich (c) 

Campbell, Wyant & Cannon Foundry 
Co., Div. of Textron, Inc., Mich (c) 

Chicago Hardware Foundry Co., Ili (a, 
b,c) 

Chicago Malleable Castings Co., Il! (c) 

Cochrane Foundry, Inc., Pa (a,b,]) 














Cooper Alloy Corp., NJ 
(g)—Ad p 353 
Crucible Steel Co. 

(c,g) 
Crucible Steel Casting Co., Pa (g) 
Curtiss-Wright Corp., Metals 
Processing Div., NY 
(f,g) 
Dayton Malleable Iron Co., Ohio (c) 
Dirilyte Co. of America, Inc., Ind. (b) 


Duraloy Co., Pa 
(f)—Ad p 359 

Electric Steel Foundry Co., Ore (f,g) 

Electro-Alloys Div., American Brake 
Shoe Co., Ohio (g) 

Electron Corp., Colo (c) 

Emmaus Foundry & Machine Co., Pa 
(a,b,c) 

Empire Steel Castings, Inc., Pa (g) 

Erie Casting Co., Pa (c) 

Fischer Casting Co., Inc., NJ (a) 

Fort Pitt Steel Casting Div., Pitts- 
burgh Steel Foundry Corp., Pa (f,g) 

Gale Mfg. Co., Mich (c) 

General Electric Co., Foundry Dept., 
NY (f,9) 

General Motors Corp., Central Foundry 
Div., Mich (c) 

General Motors Corp., Fabricast Div., 
Ind (a) 

Gilbert Brass Foundry Co., Mo (a,b) 

Grimm Foundry Co., Inc., NJ (c) 

Gunite Foundries Corp., Lil (c,g) 

Hica, Inc., La (g) 

Hobbs, Clinton E. Co., Mass (a,b,c) 

Howard Foundry Co., Ill (a,b,c,e,f,g) 

Investment Casting Co., NJ (a,b,c,f,g) 

Ironton Malleable Div., Dayton Mal- 
leable Iron Co., Ohio (c) 

Jamestown Malleable Iron Corp., NY 
(c) 

Laconia Malleable Iron Corp., NH (c) 

Lakeside Malleable Casting Co., Wis 
(c) 

Lebanon Steel Foundry, Pa (g) 

Lehigh, Inc., Pa (c) 

Liberty Foundry Co., Mo (c,g) 

Loeffler, J.M. Co., Machine & Brass 
Works, Pa (b) 

Lumen Bearing Co., NY (b) 

Lynchburg Foundry Co., Castings Div., 
Va (c) 

Mallory, P.R. & Co., Inc., Ind (b) 

Marshall Car Wheel & Foundry Co., 
Inc., Tex (c) 

Massillon Steel Casting Co., Ohio (g) 

McCarter Iron Works, Inc., Pa (c,g) 

Meehanite Metal Corp., NY (c) 

Mercast Mfg. Corp., Calif (a,b,c,e,f,g) 
Metal Goods Corp., Tex (c,f) 

Michigan Steel Casting Co., Div. of 
Consolidated Foundries & Mfg. 
Corp., Mich (g) 

Midwest Foundry Co., Div. of L.A. 
Darling Co., Mich (c,g) 

Misco Precision Casting Co., Mich (c,f, 
9) 

Missouri Diecasting Co., Mo (a,b,c,g9) 
National Bearing Div., American Brake 
Shoe Co., Pa (b) 

National Lead Construction Co., Inc., 
NJ (d) 

National Malleable & Steel Castings 
Co., Ohio (c) 

Northern Malleable Iron Co., Minn (c) 

Ohio Steel Foundry Co., Ohio (f,g) 

Oklahoma Steel Casting Div., Ameri- 
can Steel & Pump Corp., Okla (g) 

Olderman Mfg. Corp., Conn (j) 

Olympic Steel Works, Wash (g) 

Oregon Brass Works, Ore (a,b) 

Pacific Brass Foundry of San Fran- 
cisco, Calif (a,b,f,j) 

Parker, Charles Co., Conn (a,b) 

Pelton Steel Casting Co., Wis (f,g) 

Perfecto Cast, Calif (f,g) 

Pettibone Mulliken Corp., Ill (g) 

Pratt & Letchworth Div., Dayton 
Malleable Iron Co., Inc., NY (g) 

— Castparts Corp., Ore (a,b,f, 
g 

Pusey & Jones Corp., Del (c) 

Quaker Alloy Casting Co., Pa (c,f,g) 


of America, Pa 








Racine Steel Castings Co., Belle City 
Malieable Iron Div., Wis (c,g) 

Ridge Foundry, Calif (c) 

Rolle Mfg. Corp., Pa (a,e) 


Ross-Meehan Foundries, Tenn (c,g) 
Sall Bros. Co., Ill (a,b) 
Schilling Bronze Co., NY (a,b,d) 
Sorbo-Mat Process’ Engi- 
neers, Mo 
(c)h—Ad p 355 


Spencer’s, 1.S. Sons, Inc., Conn (c) 

Star Heel Plate Co., Inc., NJ (a,b, 
c,g) 

State Foundry & Machine Co., Wis (c) 

Superb Light Alloys, Inc., NY (a,e) 

Taylor & Co., Inc., NY (c) 

Texas Foundries, Inc., Tex (c¢,g) 

Trenton Brass Co., NJ (b) 

True Alloys, Inc., Mich (a,b,d,f,}) 
Unitcast Corp., Ohio 
(g) 

Uniworld Research Corp. of America, 
Ohio (c) 

Utica General Jobbing Foundry, Inc., 
NY (c) 

Utility Steel Foundry, Calif (c,g) 

Vanadium-Alloys Steel Co., Pa (g) 

Wall Colmonoy Corp., Stain- 
less Process Div., Mich 
(c,f) 

Washington Iron Works, Wash (c) 

Waterman Industries, Inc., Calif (b,c) 

Waukesha Foundry Co., Wis 
(a,b,f,g)—Ad p 350 


Wayne Agricultural Works, Inc., NC 


(b,c) 
West Steel Casting Co., Ohio (f,g) 
Western Automatic Machine Screw 
Co., Ohio (c) 


Westinghouse Electric Corp., Ma- 
terials Mfg. Dept., Pa (a,b,c,f,g,h) 
Winters Foundry & Machine Co., Inc., 
Ohio (a,b,d,f,j) 
Woodruff & Edwards, Inc., Ill (c) 
Zenith Foundry Co., Wis 
(c) 


Cellophane 


(see Cellulose, Regenerated) 


Cellulose Acetate 


aaRBee Plastic Co., Calif (y) 

Ace Plastic Co., NY (bb,cc,dd,ee) 

Adhesive Products Corp., NY (x) 

Albany Novelty Mfg. Co., Mass (t) 

American Mard Rubber Co., 
Div. of Amerace Corp., NJ 
(bb, dd,ee) 

American Products Mfg. Co., La (t) 

Anchor Plastics Co, Inc., NY 
(bb,dd,ee) 

Auburn Plastics, Inc., NY (bb,dd,ee) 

Bamberger, Claude P., Inc., NJ (p,y) 

Biank, Arthur & Co., Inc., Mass (t, 
cc) 


Cadillac Plastic & Chemical Co., 
Mich (t,bb,cc,dd,ee) 
Capac Industries, Inc., Mich (cc) 


Carroll, J.B. Co., Ill (cc) 

Carroll Plastic Compounding Corp., 
Sub. of Plastiglide Mfg. Corp., 
Calif (y) 

Celanese Corp. of America, 
Plastics Div., NJ 
(p,s,t,y,cc)h—Ad pp 183-86 

Celliuplastic Corp., NJ (bb,ee) 

Chemical Development Corp., 
(p) 

Chicago Molded Products Corp., Camp- 
co Div., Ill (t,cc) 

Coating Products, Inc., NJ 
(t,cc) 

Colonial 
dd,ee) 

Commercial Plastics & Sup- 
ply Corp., NY 
(bb,cc,eeX—Ad p 182 

Craftint Mfg. Co., Ohio (cc) 

CrystalX Corp., Pa (t,bb,cc,dd,ee) 

Davis, Joseph Plastics Co., NJ (t, 

y,bb,cc,dd,ee) 


Mass 


Kolonite Co., Ill (t,bb,cc, 





MATERIALS SELECTOR 


Denver Plastics, Inc., Colo (u) 

Dobeckmun Co., Div. of Dow Chemi- 
cal Co., Ohio (x) 

du Pont de Nemours, E.I. 
Inc., Del (p) 

du Pont de Nemours, E.I. 
Inc., Film Div., Del (t) 
du Pont de Nemours, E.!I. & 
Co., Inc., Polychemicals 
Div., Del 

(cc) 

du Pont de Nemours, E.I. & Co., 
Inc., Textile Fibers Div., Del (s) 


& Co., 


& Co., 


Dura Plastics of New York, Inc., 
NY (cc) 

Eastman Chemical Products, Inc., 
Tenn (p,y) 


Eastman Kodak Co., Cellulose Prod- 


ucts Sales Div., NY (t,cc) 
Eljay Corp., Md (cc) 
Falge Engineering Corp., Md (t) 


Fry Plastics Co., Calif (t,cc) 


General Gasket, Inc., Conn (t,cc) 
General Plastics Mfg. Co., Wash 
(bb,cc,dd,ee) 

Gering Products, Inc., NJ (y) 
Glass Laboratories, NY (bb,dd) 
Gomar Mfg. Co., Inc., NJ (cc) 
Hastings & Co., Inc., Pa (t) 


Hercules Powder Co., Inc., Del (p) 
Industrial Plastics Corp., Ind (bb,dd) 
Insulation Mfrs. Corp., Ill (t,cc,dd) 
Jet Specialties Co., Inc., Calif (bb, 


cc,dd,ee) 

Knoedler Chemical Co., Pa ‘bb,cc) 
Luminous Resins, Inc., Ill (y) 
Lus-Trus Corp., Mich (cc) 
Midwest Plastic Products Co., Ill 
(t,cc) 


Monsanto Chemical Co., Plastics Div., 
Mass (t) 

Muehlstein, H. & Co., Inc., NY (y) 

National Gasket & Washer Mfg. Co., 


Inc., NY (cc,dd) 
New England Tape Co., Inc., Mass 
(bb,cc) 


Nixon Nitration Works, NJ (bb,cc,ee) 

Norrich Plastics Corp., NY (bb,cc,ee) 

Omni Products Corp., NY (y,bb,cc) 

Ormond Mfg. Co., Inc., NJ (cc,dd) 

Pacific Coast Foil Co., Calif (t) 

Panelyte Div., St. Regis Paper Co., 
NY (cc) 

Perfex Plastics, Inc., (bb,dd,ee) 

Philrus Products Co., NJ (cc,dd) 

Plast-Ad Mfg. Co., Ind (cc) 

Plastic Materials, Inc., NY (y) 

Precision Paper Tube Co., Ill (ee) 

Pyramid Plastics, Inc., Ill (bb,dd,ee) 

Reed Plastics Corp., Mass (y) 

Rosco Laboratories, NY (cc) 

Rowland Products, Inc., Conn (x,bb, 
cc,dd,ee) 

Russell Mfg. Co., Conn (s) 

Schwab Plastic Corp., Mich (u,bb,cc, 
dd,ee) 

Scranton Plastic Laminating Corp., Pa 
(cc) 

Simon Products Co., Ill (t,cc) 

Snyder Mfg. Co., Inc., Ohio (t,cc) 

Southern Plastics Co., SC (bb,cc,dd, 
ee) 

Stone Paper Tube Div., Stone Straw 
Corp., Washington, DC (ee) 

Sunlites Plastics, Inc., Wis (bb,dd,ee) 

Superior Plastics, Inc., Ill (bb,cc,dd, 
ee) 

Walsen Consolidated Mercantile Co., 
NY (bb,cc) 

Western Felt Works, Il! 
(cc) 

Westlake Plastics Co., Pa (bb,cc,dd, 
ee) 

World Plastex, NY (bb,cc,dd) 

World Plastics, NY (bb,cc,dd,ee) 


Cellulose Acetate 
Butyrate 


aaRBee Plastic Co., Calif (y) 
Ace Plastic Co., NY (bb,cc,dd,ee) 
Adhesive Products Corp., NY (x) 








Albany Novelty Mfg. Co., Mass (t,cc) 
American Hard Rubber Co., 
Div. of Amerace Corp., NJ 


(bb,dd,ee) 

American Molding Powder & Chemi- 
cal Co., NY (y) 

Anchor Plastics Co., Inc., NY 
(bb,dd,ee) 

Anderson Assoc., Inc., Ohio (y) 
Anesite Co., Ill (ee) 

Auburn Plastics, Inc., NY (bb,cc, 
dd,ee) 


Bamberger, Claude P., Inc., NJ (p,y) 

Bischoff Chemical Corp., Conn (u) 

Blank, Arthur & Co., Inc., Mass (t,cc) 

Busada Mfg. Corp., NY 
(ee)—Ad p 356 

Cadillac Plastic & Chemical Co., Mich 
(bb,cc,dd,ee) 

Carroll, J.B. Co., Ill (cc) 

Carroll Plastic Compounding Corp., 
Sub. of Plastiglide Mfg. Corp., Calif 
(y) 

Celluplastic Corp., NJ (bb,ee) 

Chicago Molded Products Corp., Camp- 
co Div., Ill (t,cc) 

Coating Products, Inc., NJ 
(t,cc) 

Colonial Kolonite Co., Ill (t,bb,cc,ee) 


Commercial Plastics & Sup- 
ply Corp., NY 
(bb,cc,ee) 

CrystalX Corp., Pa (t,bb,ce,dd,ee) 

Davis, Joseph Plastics Co., NJ (t,y, 
bb,cc,dd,ee) / 

Denver Plastics, Inc., Cold (u) 

Dobeckmun Co., Div. of Dow Chemi- 
cal Co., Ohio (x) 

Dryden Rubber Div., Mfg. 
Corp., Ill Cy) 

Eastman Chemical Products, Inc., Tenn 
(p,y) 

Eastman Kodak Co., Cellulose Prod- 
ucts Sales Div., NY (t,cc) 

Falge Engineering Corp., Md (t) 

Fidelity Chemical Products Corp., NJ 
(u) 

Fry Plastics Co., Calif (t,cc) 

General Gasket, Inc., Conn (t,cc) 

General Plastics Corp., Ind (cc) 

General Plastics Mfg. Co., Wash (bb, 
cc,dd,ee) 

Gering Products, Inc., NJ (y) 

Glass Laboratories, NY (bb,dd) 

Gomar Mfg. Co., Inc., NJ (cc) 

Hydrawlik Co., NJ (bb,dd) 

industrial Plastics Corp., Ind (bb,dd) 

Jet Specialties Co., Inc., Calif (bb, 
cc,dd,ee) 

K S_H Plastics, Inc., Mo (bb,cc,dd) 

Luminous Resins, Inc., Ill Cy) 

Lus-Trus Corp., Mich (cc) 

Midwest Plastic Products Co., Ill (t, 
cc) 

Muehistein, H & Co., Inc., NY (y) 

New England Tape Co., Inc., Mass 
(bb, cc) 

Nixon Nitration Works, NJ (bb,cc,ee) 

Omni Products Corp., NY (y,bb,cc) 
Panelyte Div., St. Regis Paper Co., 
NY (cc) 

Perfex Plastics, Inc., Ill (bb,dd,ee) 
Precision Paper Tube Co., Ill (ee) 

Pyramid Plastics, Inc., Ill (bb,dd,ee) 

Rowland Products, Inc., Conn (x,bb,cc, 
dd,ee) 

Schwab Plastic Corp., Mich (u,bb,cc, 
dd,ee) 

Scranton Plastic Laminating Corp., Pa 
(cc) 

Shoe Form Co., Inc., NY (cc,dd,ee) 
Snyder Mfg. Co., Inc., Ohio (t,cc) 

Southern Plastics Co., SC (bb,cc,dd, 
ee) 

Sunlites Plastics, 
ee) 

Superior Plastics, 
dd,ee) 
Western Feit Works, Ill 
(cc) 

Western Plastics Corp., 
dd,ee) 

Westlake Plastics Co., Pa (bb,cc,dd, 
ee) 


Sheller 


Inc., Wis (bb,dd, 
Inc., Ill (bb,cc, 


Neb (bb, 
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World Plastex, NY (bb,cc,dd) 
World Plastics, NY (bb,cc,dd,ee) 


Cellulose Nitrate 
Adhesive Products Corp., NY (x 


Suppliers of Materials 


| 


Chemical Development Corp., Mass | 
(p) 
Crescent Plastics, Inc., Ind (ee) 


du Pont de Nemours, E.1. & Co., 
Inc., Del (p) 
du Pont de Nemours, E.I. & 


Co., iInc., Polychemicals 
Div., Del 
(cc) 


Falge Engineering Corp., Md (t) 
General Gasket, Inc., Conn (t) 
Hercules Powder Co., Inc., Del (p) 
Monsanto Chemical Co., Mass (t,bb, 
cc) 
Nixon Nitration Works, NJ (bb,cc,ee) 
Omni Products Corp., NY (bb,cc) 
Panelyte Div., St. Regis Paper Co., 
NY (cc) 
Rowland Products, Inc., Conn (x,cc) 
Western Feit Works, Ill 
(cc) 


Cellulose 


Propionate 


aaRBee Plastic Co., Calif (y) 

Adhesive Products Corp., NY(x) 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(bb,ee) 

Anderson Assoc., Inc., Ohio (y) 


Celanese Corp. of America, 
Plastics Div., NJ 
(p,y)—Ad pp 183-186 

Eastman Chemical Products, Inc., Tenn 
(y) 

Panelyte Div., St. Regis Paper Co., 
NY (cc) 

Perfex Plastic, Inc., Ill (bb,dd) 

Southern Plastics Co., SC (bb,cc,dd,ee) 

Superior Plastics, Inc., Ill (ee) 

World Plastex, NY (bb,cc,dd) 

World Plastics, NY (bb,cc,dd,ee) 


Cellulose, 


Regenerated 
(e.g., Cellophane) 
Adhesive Products Corp., NY (x) 
American Viscose Corp., Pa (t) 
Blank, Arthur & Co., Inc., Mass (t) 
Cadillac Plastic & Chemical Co., Mich 
(t) 
Dobeckmun Co., Div. of Dow Chemical 
Co., Ohio (x) 
du Pont de Nemours, E.I. & Co., Inc., 
Del (s) 
du Pont de Nemours, E.I. & Co., Inc., 
Film Div., Del (t,cc) 
Foss Mfg. Co., Plastics Div., Id (t) 
Mason Envelope Co., Inc., NY (t) 
Olin Mathieson Chemical Corp., Film 
Div., NY (t) 
Pacific Coast Foil Co., Calif (t) 


Cemented 


Carbides 
(see Cermets) 


Centrifugal 


Castings 
(see Castings) 


Ceramic Coatings 
(see Inorganic Coatings) 





Ceramics 


Adamas Carbide Corp., NJ (r) 

American Lava Corp., Tenn (r,z,bb,ff) 

— Div., Engelhard Industries, NJ 
r 

Brush Beryllium Co., Ohio 
(r,aa,bb,ee) 

= Metal Enameling Co., Calif 
r 


Carborundum Co., NY 
(r,z,bb,cc,ee)—Ad p 244 

Centralab Div., Globe Union, 
inc., Wis 
(r,u,z,bb,ee)—Ad p 246 

Commercialores, Inc., SC (aa) 

Coors Porcelain Co., Colo (r,z,bb,cc,ee) 

Du-Co Ceramics Co., Pa (r,z,aa,bb,ee) 

Edgar Plastic Kaolin Co., Fla (aa) 

Electric Auto-Lite Co., Ohio (r) 

— Refractories Co., Ohio (r,bb, 
ee 

Electro Chemical Engineering & Mfg. 
Co., Pa (r) 

Electro Refractories & Abrasives Corp., 
NY (r) 

Emerson & Cuming, Inc., Mass (r,u) 

Foote Mineral Co., Pa (aa) 

Frenchtown Porcelain Co., NJ (r,bb, 
cc,ee) 

General Ceramics Corp., NJ (r,u,z,aa, 
bb,cc,ee) 

Gladding, McBean & Co., Calif (r,z, 
bb,cc,ee) 

Glass Laboratories, NY (r) * 

Gulton Industries, Inc., NJ (r) 

Industrial Tectonics, Inc., Mich (r) 

Knight, Maurice A., Ohio (r) 

Laboratory Equipment Corp., Mich (r, 
z,bb,cc,ee) 

Louthan Mfg. Co., Div. of Ferro Corp., 
Ohio (r,z,bb,cc,ee) 

Malvern Brick & Tile Co., Ark (r) 

Mansol Ceramics Co., NJ (r) 

McDanel Refractory Porce- 
lain Co., Pa 
(r,bb,cc,ee)—Ad p 252 

Metal & Thermit Corp., NJ (aa) 

Metallizing Engineering Co., 
Inc., NY 
(aa)—Ad p 280 

Metallizing Co. of Los Angeles, Inc., 
Calif (bb) 

= Fabricating Co., NJ (r,u,z,bb,cc, 
6 


Morganite, Inc., NY (r,aa,bb,ee) 
Mycalex Corp. of America, NJ (r,bb) 
Norton Co., Mass 
(r,aa,bb,ee) 
Porcelain Products, Inc., Ohlo (r,s,z, 
bb,ee) 
Pyrosil, Inc., Ohio (r,aa,bb,cc,ee) 
Raybestos Div., Raybestos-Manhattan, 
Inc., Conn (r) 
a aa & Insulation Corp., NY (r, 


Russell Mfg. Co., Conn (r,s) 
Sauereisen Cements Co., Pa (aa) 
Ceramics, Pa (r,z,aa,bb,ff) 

= Carbon Co., Pa 
r 

Star Porcelain Co., NJ (r) 

Steatite Div., American Lava Corp., 
Tenn (r,z,bb,ee) 

Steward, D.M. Mfg. Co., 
Tean 
(r)—Ad p 362 

Stupakoff Div., Carborundum Co., Pa 
(r,s,aa,bb) 

Sylvania Electric Products, 
ae Parts Div., Pa 

Thermal American Fused Quartz Co., 


Thermo Materials, Inc., Calif (r,z,aa, 
bb,cc,ee) 
U.S. Stoneware Co., Ohio (r) 





Western Gold & Platinum Co., Calif 
(r) 

Zirconium Corp. of America, Ohio (r, 
aa,bb,ee) 


Cermets 


Allegheny 
Corp., Pa 
(r) 

American Brakeblok Div., American 
Brake Shoe Co., Mich (r) 

American Sinteel Corp., NY (r) 


Brush Beryllium Co., Ohio 
(r,aa) 


Carborundum Co., NY 
(r)—Ad p 244 

Climax Div., American Metal Climax, 
Inc., NY (r) 

Electro Metallurgical Co., Div. of 
Union Carbide Corp., NY (aa) 
Emerson & Cuming, Inc., Mass (r,u) 

Firth Sterling, Inc., Pa (r) 

General Electric Co., Metallurgical 
Products Dept., Mich (r) 

Hardy, Charles, Inc., NY (aa) 

Hayden Wire Works, Inc., Mass (r, 
u,aa) 

Haynes Stellite Co., Div. of Union 
Carbide Corp., Ind (r) 

Hommel, 0. Co., Pa (aa) 

Industrial Tectonics, Inc., Mich (r) 

Kanthal Corp., Conn (bb) 


Kennametal, iInc., Pa 
(r,aa,bb,ee)—Ad p 255 

Metal Hydrides, Inc., Mass (aa) 

Metallizing Engineering Co., 
Inc., NY 
(aa)—Ad p 291 

Metallizing Co. of Los Angeles, Inc., 
Calif (bb) 

Sintercast Corp. of America, NY (r) 

Steatite Div., American Lava Corp., 
Tenn (r,z,bb,ee) 

Thermo Materials, Inc., Calif (r,z,aa, 
bb,cc,ee) 

U.S. Stoneware Co., Ohio (r) 

Zirconium Corp. of America, Ohio (r) 


Ludium Steel 


Chemical Conver- 


sion Coatings 
(see Conversion Coatings) 


Chlioroprene 
Rubber 


(Neoprene) 

Adhesive Products Corp., NY (x) 

American Rubber Products Corp., Ind 
(u,bb,cc,dd,ee) 

Atlas Mineral Products Co., Pa (c) 

Auburn Rubber Co., Inc., Ind (cc) 

Automotive Rubber Co., Inc., Mich (cc, 
dd) 

Belko Corp., Md (y) 

Brown Rubber Co., Inc., Ind (u) 

Castle Rubber Co., Pa (y,bb,cc,dd,ee) 

Chemical Coatings & Engineering Co., 
Inc., Pa (u,y) 

Chicago Rubber Co., Inc., Ill (u,y) 

Colonial Rubber Co., Ohio (y,cc,dd) 

Continental Rubber Works, Pa (bb,cc, 
dd,ee) 

Coyne & Paddock, Inc., NY (cc) 

Dayton Rubber Co., Ohio (y,bb,cc, 
dd,ee) 

Dryden Rubber Div., Sheller Mfg. 
Corp., Ill (y,ee) 

du Pont de Nemours, E.I. & Co., Inc., 
Del (u,cc) 

du Pont de Nemours, E.I. & Co., Inc., 
Elastomer Chemicals Div., Del (p,y) 

Dutch Brand Div., Johns-Manville 
Corp., Ill (u,y,cc,dd) 
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Electro Chemical Engineering & Mfg 
Co., Pa (t.cc) 

Faultless Rubber Co., Ohio (u,y,bb 
ee) 

Flexfirm Products, Calif (s) 

Flexible Tubing Corp., Conn (ee) 

Foamade Industries, Mich (y) 

Garlock Packing Co., NY 
(y,bb,cc,dd,ee) 

Geauga Industries Co., Ohio (y,bb,dq) 

Goodrich, B.F. Co., Conn (wy) 

—_ Rubber Co., Inc., Ind 

) 

Hewitt-Robins, Inc., Conn (cc,ee) 

Home Rubber Co., NJ (y,bb,cc,dd,ee) 

Knight, Maurice A., Ohlo (cc) 

Maloney, F.H. Co., Tex (y) 

Martin Rubber Co., Inc., NJ (y,dd,ee) 

Mid-States Rubber Products, Inc., Ind 
(y) 

National Gasket & Washer Mfg. Co., 
Inc., NY (bb,cc,dd,ee) 
Naugatuck Chemical Div., U.S. Rubber 
Co., Conn (p,x,y) 
Parker Seal Div., 
Corp., Ohio (u) 
Parker, Stearns & Co., Inc., NY (y, 
bb,cc,dd,ee) 

Pawling Rubber Corp., NY (bb,dd,ee) 

Polymer Chemical Co., Ohio (x) 

Raybestos-Manhattan, Inc., Plastic 
Products Div., Conn (x) 

Republic Rubber Div., Lee Rubber & 
Tire Corp., Ohio (p,y,cc,dd,ee) 

Rogers Corp., Conn (u,y,ce,dd) 

Roth Rubber Co., Ill (y,cc) 

Rubatex Div., Great American Indus- 
tries, Inc., Va (u) 

Sheller Mfg. Corp., Mich (y) 

Snyder, M.L. & Son, Inc., Pa (cc,ee) 

Standard Products Co., Mich (y) 

Stockwell Rubber Co., Inc., Pa (u,y, 
bb,ce,dd) 

Technical Specialties Co., NY (dd) 

Toyad Corp., Pa (wu) 

U.S. Rubber Co., 
Dept., Conn 
(u)—Ad p 216 

U.S. Stoneware Co., NY (y) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (p,y,cc) 

Vulcanized Rubber & Plastics Co., Pa 
(y) 

Western Felt Works, Ill 
(y,cc,dd,ee) 

Williams-Bowman Rubber Co., Ill (y, 
bb,cc,dd,ee) 


Parker-Hannifin 


Kem-Blo 


Chiorosulfonated 
Polyethylene 
Rubber 


Adhesive Products Corp., NY (x) 

Allis Rubber Dlv., Chicago-Allis Mfg 
Corp., Ill (p) 

Atlas Mineral Products Co., Pa (cc) 

Automotive Rubber Co., Inc., Mich 
(ce,dd) 

Belko Corp., Md (y) 

Castile Rubber Co., Pa (y,bb,cc,dd,ee) 

Chemical Coatings & Engineering Co., 
Inc., Pa (y) 

Continental Rubber Works, Pa (bb,cc, 
dd,ee) 

Dayton Rubber Co., Ohio (y,bb,cc,dd, 
ee) 

Dryden Rubber Div., Sheller Mfo. 
Corp., Il (y,ee) 

du Pont de Nemours, E.1. & Co., Inc., 
Del (cc) 

du Pont de Nemours, E.1. & Co., Inc., 
Elastomer Chemicals Div., Del (p,y) 

Electro Chemical Engineering & Mfg. 
Co., Pa (t,cc) 

Flexfirm Products, Calif (s) 

Hewltt-Robins, Ine., Conn (cc,ee) 

Home Rubber Co., NJ (y,bb,cce,dd,ee) 

Maloney, F.H. Co., Tex (y) 

Mid-States Rubber Products, Inc., Ind 


(y) 
Parker Seal ODilv., Parker-Hannifin 
Corp., Ohio (u) 








Republic Rubber Div., Lee Rubber & 
Tire Corp., Ohlo (p) 

Rogers Corp., Conn (cc,dd) 

Toyad Corp., Pa (t) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc, NY (p,y,cc) 

Western Feit Works, Ill 
(y,cc,dd,ee) 

Willlams-Bowman Rubber Co., Ill (y, 
bb,cc,dd,ee) 


Chliorotrifiuoro- 
ethylene 


(see Fluorocarbon) 


Chromate Coatings 
(see Conversion Coatings) 


Chromium 


Alloy Metal Powder, Inc., Iowa (aa) 
Alloy Metal Products, Inc., Iowa (o,w) 
American Nickel Alloy Mfg. Corp., NY 
(w,aa) 
Belmont Smelting & Refining 
Works, Inc., NY 
(w,aa) 
Chicago Development Corp., Md (aa) 
Dahlin, C.A. Co., Ill (cc,ee) 
Electro Metallurgical Co., Div. of 
Union Carbide Corp., NY (aa) 
Foote Mineral Co., Pa (aa) 
Hardy, Charles, Inc., NY (aa) 
Hayden Wire Works, Inc., Mass (aa) 
Hull, R.O. & Co., Inc., Ohio (n) 
K. & L. Plating Co., Pa (z) 
Lakeland Industries, Minn (z) 
Metal Hydrides, Inc., Mass (aa) 
Metal & Thermit Corp., NJ (w) 
Metals Disintegrating Co., Inc., NJ 
(aa) 
Michigan Seamless Tube Co., Mich (ee) 
Modern Plating Corp., Ill (n) 
Niagara Falls Smelting & Refining Div., 
Continental Copper & Steel Indus- 
tries, Inc., NY (v,w) 
Republic Steel Corp., Steel & Tubes 
Div., Ohio (ee) 
Sel-Rex Corp., NJ 
(n) 
Shieldalloy Corp., NJ (aa) 
Stevens, Frederic B., Inc., Mich (n) 
Vanadium Corp. of America, 
NY 
(w) 
Waimet Alloys Co., Mich 
(wi—Ad p 72 
Westinghouse Electric Corp., Materials 
a Dept., Pa (0,q,v,w,z,bb,cc,dd, 
ee 


Chromized 


Coatings 
(see Diffusion Coatings) 


Clad Metals 
(key letters refer to base metals; 
see also Laminates, Metal-Metal) 


Alabama Wire Co., Inc., Ala (a) 
Al-Fin Div., Fairchild Engine & Air- 


plane Corp., NY (a,e) 
Allegheny Ludium Steel 
Corp., Pa 
(g) 
on Co. of America, Pa 
a 


American Silver Co., NY (b,c,f,9) 
Arrow Metal Products Corp., NJ (a) 
Bart Mfg. Corp., NJ (a,b,c,e,f,9,h) 
Bartlett-Thompson Co., Inc., Mass (a, 


b,f) 
Bishop, J. & Co. Platinum 
Works, Stainless Steel 


Products Div., Pa 
Borg-Warner Corp., Ill (g) 
Copper & Brass Sales, Inc., Mich (a) 


| 


| 


| 
| 
| 








Darby Corp., Kan (a,f,g) 

Driver-Harris Co., NJ (f) 

Electric Materials Co., Pa (c) 

Electric Steel Foundry Co., Ore (f,g) 

Electronic Parts Mfg. Co., NJ (b) 

Enamel Products Co., Ohio (a,g) 

Fromson Orban Co., Inc., NY (b,f,g) 

General Alloys Co., Mass (f,9) 

General Finding & Supply Co., Indus- 
trial Div., Mass (b) 

General Plate Div., Metals & Controls 
Corp., Mass (a,b,c,e,f,9,h,]) 

Improved Seamless Wire Co., RI (b,f) 

Johnson Bronze, Pa (a,b,d,9) 

Kaiser Aluminum & Chemical 
Sales, iInc., Hl 
(a) 

Kewaunee Engineering Corp., Wis (c) 

Leach & Garner Co., Industrial Div., 
Mass (b,f) 

Lukens Steel Co., Pa 
(a,b,e,f,g,h) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (b,c,f,g) 

Manufacturers & Fabricators, 
Ohio (f,g) 

Metal Goods Corp., Mo (f) 

Metals & Controls Corp., Mass (a,b,c, 
f,g,h) 

Moraine Products Div., General Motors 
Corp., Ohio (a,d) 

National Galvanizing Co., Pa (g) 

National Lead Co., NY (d) 

National Lead Construction Co., Inc., 
NJ (d) 

National-Standard Co., Mich (g) 

Olin Mathieson Chemical Corp., Alumi- 
num Div., NY (a) 

Parish Pressed Steel Div., Dana Corp., 
Pa (a,g,)) 

Pittsburgh Steel Co., Pa (b,f,g,)) 

Presswork, Inc., Mich (b) 

Republic Steel Corp., Ohlo (g) 

Revere Copper & Brass, Inc., NY (b) 

Reynolds Metals Co., Va (a) 

Riverside-Alloy Metal Div., H.K. Por- 
ter Co., Inc., NJ (b,f) 

Ryerson, Joseph Y. & Son, Inc., Ill 
(g) 

Saginaw Bearing Co., Mich (b,g) 

Sandy Hill Iron & Brass Works, NY 
(g) 

Seattle Boller Works, Inc., Wash (g) 

Sharpsvilie Steel Fabricators, Inc., Pa 
(g) 

Somers Brass Co., Conn (f) 

Standard Metals Corp., Mass (a,b,c, 
f,g) 

Sun Steel Co., Ill (a,9) 

Superlor Steel Div., Copperweld Steel 
Co., Pa (g) 

Sylvania Electric Products, 
inc., Parts Div., Pa 
(b,g)—Ad p 349 


Werner, R.D. 
(a,g) 

Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa (f,9,h) 

Whitehead Metal Products Co., Ine., 
NY (f) 

Wickwire Spencer Steel Div., Colorado 
Fuel & Iron Corp., NY (f,9) 

Worcester Wire Works Div., National- 
Standard Co., Mass (9) 


Inc., 


Co., Inc., MY 


Claddings 
(see Organic Coatings; Ciad Metals) 


Coated Metals 
(see Precoated Metals) 


Cobalt and Its 
Alloys 


Alloy Metal Products, Inc., Iowa (o, 
w) 

American Nickel Alloy Mfg. Corp., NY 
(w,aa) 

Austenal, Inc., NY (w) 





Belmont Smelting & Refining | 
Works Inc., NY 
(n,w,aa) 

Budek & Bock Spring Mfg. Co., Il! (ff) 

Cannon-Muskegon Corp., Mich (w) 

Carborundum Co., NY 
(v,bb,ce,ee, ff) 

Crobalt, Inc., Mich (n,w,bb) 

Crucible Steel Co. of America, Ti- 
tanium & Vacuum Metals Product 
Div., Pa (0,q,w,z,cc,dd) 

Driver, Wilbur B. Co., NJ 
(bb, dd, ff) 

Driver-Harris Co., NJ (bb,dd) 

Elgin National Watch Co., Abrasives 
Div., Ill (0,bb,dd,ff) 

General Plate Div., Metals & Con- 
trols Corp., Mass (v,dd) 

Hamilton Watch Co., Precision Metals 
Div., Pa (v,w,bb,cc,dd) 

Hardy, Charles, Inc., NY (aa) 

Haynes Stellite Co., Div. of Union 
Carbide Corp., Ind (0,q,v,z,bb,ce,dd, 
ee, ff) 

Hoskins Mfg. Co., Mich (bb,dd) 

K. & L. Plating Co., Pa (z) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (o) 

McGean Chemical Co., Ohio (aa) 

Metal Hydrides, Inc., Mass (aa) 

Michigan Seamless Tube Co., Mich (ee) 

Natlonal-Standard Co., Mich (ff) 

New Jersey Metals Co., NJ (w) 

Niagara Falls Smelting & Refining 
Div., Continental Copper & Steel In- 
dustries, Inc., NY (v,w) 

Oregon Metallurgical Corp., Ore (w) 

Trent Tube Co., Sub. of Crucible Stee! 
Co. of America, Pa (ee) 

Utica Metals Div., Kelsey-Hayes Co., 
NY (0,q,¥,w,z,bb,cc,dd, ff) 

Vanadium-Alloys Steel Co., Pa 

Walimet Alloys Co., 
(wi—Ad p 72 

Wall Colmonoy Corp., Mich 
(w,bb) 

Wallingford Steel Co., Conn 
(dd,ee)—Ad p 352 

Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa (0,q,v,w,z,bb,cc,dd, 
ee) 


(aa) 
Mich 


Cold Extrusions 


(see Impact Extrusions) 


Cold Headed Parts 


Abbott Ball Co., Conn (b,g) 

Acme Machine Products Div., Serrick 
Corp., Ind (g) 

Albany Products Co., Inc., Conn (b,f) 

Allled Products Corp., Mich (g) 

Allmetal Screw Products Co., Inc., NY 
(f,9,h) 

» pee Co. of America, Pa 


American Car & Foundry Div., ACF 
Industries, Inc., NY (g) 

Ampco Metal, Inc., Wis (b) 

Anti-Corrosive Metal Products Co., 
Inc., NY (g) 

Armco Steel Corp., Sheffield Div., Mo 
(g) 

Art Wire & Stamping Co., NJ 
(a,b,c,d,f,9) 

Bead Chain Mfg. Co., Conn (a,g) 

Bridgeport Brass Co., Conn (b) 

Camcar Screw & Mfg. Co., Ill (a,g,h) 

Central Screw Co., Ill (a,b,c,f,g) 

Champion Rivet Co., Ohlo (c,g) 

Chandler Products Corp., Ohio (g) 

Chase Brass & Copper Co., Conn (b) 

Chicago Rivet & Machine Co., Ii! (a, 
¢,g) 

Chicago Screw Co., Div. of Standard 
Screw Co., Ill (a,b,c,f,9) 

Cincinnati Pump & Mfg. Co., Ine., 
Ohlo (g) 

Clark Bros. Bolt Co., Conn (a,b,¢,9) 

Clendenin Bros., Inc., Md (a,b,c) 

Cleveland Cap Screw Co., Ohio (a, 





b,f,9,h) 


Columbus Bolt & Forging Co., Ohio 
(a,b,g) 

Deringer Metallurgical Corp., Ill (a, 
b,c,d,f,g) 


Eaton Mfg. Co., Rellance Div., Ohie 
(a,g) 

Eico Tool & Screw Corp., Ill (a,b,c,g) 

Electric Materlals Co., Pa (b) 

General Findings & Supply Co., Indus- 
trial Div., Mass (b,f) 

Gibson Electric Co., Pa (f) 

Greene, G.G. Corp., Pa (g) 

Grip Nut Co., Ind (a,b,9) 

Harper, H.M. Co., Ill (a,b,f,9) 

Hartford Machine Screw Co., Div. of 
Standard Screw Co., Conn (a,b,c,f,g) 

Hassall, John, Inc., NY 
(a,b,¢,d,f,g)—Ad p 401 

Hercules Fastener Co., Ill (a,b,¢,¢,J) 

Huck Mfg. Co., Mich (a,g) 

Jaques Co., Mass (a,b,e,f,g,h) 

Johnston & Funk Titanium Corp., Ohio 
(h) 

Koehler Mfg. Co., Mass (c) 

Lamson & Sessions Co., Ohio (a,b,c,f, 
9g,h,) 

McKinney Mfg. Co., Pa (a,b,c,d,f,¢) 

Metal Goods Corp., Mo (f) 

Mid-West Screw Products Co., Mo (a, 
b,c,9) 

Milford Rivet & Machine Co., Conn 
(a,b,c,9) 

Murray Tube Works, Inc., NJ (a,b,)) 

Natlonal Lock Co., Fastener Div., Ill 
(a,b,c,d,g) , 

National Screw & Mfg. Co., Ohio (a,b, 
f,9) 

Parish Pressed Steel Div., Dana Corp., 
Pa (g) 

Pheoll Mfg. Co., Ill (a,b,c,g,h) 

Pusey & Jones Corp., Del (c) 

Reed & Prince Mfg. Co., Mass (a, 
b,c,9) 

Republic Steel Corp., Ohie 
(g) 

Russell, Burdsall & Ward Bolt & Nut 
Co., NY (a,b,J) 

Scovill Mfg. Co., MII Prod- 
ucts Div., Conn 


(a,b,c,f,9) 

Shakeproof Div., Illinois Yoo! Works, 
Ill ¢a,b,g9) 

Standard Pressed Stee! Co., Pa (a,b, 
f,g,h) 


Torrington Co., Conn (b,9) 

Townsend Co., Pa (a,b,9) 

Tubular Rivet & Stud Co., Mass (a, 
b,c,g) 

Union Screw & Mfg. Co., Pa (a,9) 

United Screw & Bolt Corp., Ill (a,b,9) 

United-Carr Fastener Corp., Mass (b,g) 

Weatherhead Co., Ind (g) 

Wesbar Stamping Corp., Wis (a,c,9) 

Western Automatic Machine Screw Co., 
Div. of Standard Screw Co., Ohio 
(a,b,c,f,9) 

Zeller Corp., Ohio (g) 


Columbium and Its 
Alloys 


American Silver Co., NY (v,dd) 


Bishop, J. & Co. Platinum 
Works, Stainiess Steel 
Products Div., Pa 
(ee) 


Damascus Tube Co., Pa 
(ee) 

Electro Metallurgical Co., 
Div. of Union Carbide Corp., 
NY 
(w,aad—Ad p 134 

Fansteel Metallurgical Corp., 
Wi 
(n,0,q,¥,w,z,aa,bb,cc,dd,ee,ff)—Ad pp 
138-39 


Hamilton Watch Co., Precision Metals 
Div., Pa (v,dd) 

Hardy, Charles, Inc., NY (aa) 

Johnston & Funk Titanium Corp., Ohio 
(bb, ff) 

Kawecki Chemical Co., NY (0,4,v,w,z, 
aa,bb,cc,dd, ff) 
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Kennametal, iInc., Pa 
(o,v,aa,dd)—Ad p 255 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (o,ee) 

Mallory-Schwarzkopf Metals, Inc., NY 
(o,v,w,z,bb,cc,dd,ee, ff) 

Metal Hydrides, Inc., Mass (aa) 

Metals & Controls Corp., Mass (v,dd) 

Molybdenum Corp. of America, Pa (o, 
w,z,aa,bb,cc,dd) 

Oregon Metallurgical Corp., Ore (w) 

Shieldalloy Corp., NJ (o,aa) 

Techalloy Co., Inc., Pa (dd,ff) 

Tube Distributors Co., Inc., NY (ee) 

Tube Reducing Corp., NJ (ee) 

United Screw & Bolt Corp., Ill (bb,cc, 
dd, ff) 

Vanadium Corp. of America, 
NY 

(w) 

Wah Chang Corp., NY (n,w,v,aa,bb, 
dd, ff) 

Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa (0,q,v,w,z,bb,cc,dd,ee) 


Composition Board 
(see Wood) 


Compression 
Moldings 


(see Moidings) 


Conversion 


Coatings, Anodic 
(anodizers) 


Abalon Precision Mfg. Corp., NY 
Abco Aluminum & Brass Works, Tex 
Acme Plating Co., Ohio 
Aerolite Extrusion Co., Ohio 
Aluminum Billets, Inc., Ohio 
Aluminum Finishing Corp., Ind 
American Emblem Co., Inc., NY 
Auld, D.L. Co., Ohio 
B L C Porous Materials Co., Calif 
B & T Metals Co., Ohio 
Biddle Screw Products Co., Ind 
Bonnell, William L. Co., Inc., Ga 
Briggs-Shaffner Co., NC 
Brinkerhoff Brass & Bronze Works, 
Inc., NY 


Brooks & Perkins, Inc., Mich 

Chicago Thrift-Etching Corp., Ill 

Colonial Alloys Co., Pa 

Commercial Screw Products Co., Ohio 

Corson Industries, Pa 

Croname, Inc., Ill 

Designers Metal Corp., Ill 

Diversey Corp., Metal Industries Div., 
Ill 


Dollin Corp., NJ 

Edna Lite Optical Co., Inc., NY 

Electric Auyto-Lite Co., Ohio 

Engineering Products & Specialties, 
Inc., RI 





Fox Co., Ohio 

General Extrusions, Inc., Ohio 

Hull, R.O. & Co., Inc., Ohio 

Industrial Chromium Corp., Mass 

Jari Extrusions, Inc., NY 
—Ad p 348 

Kees, F.D., Mfg. Co., Neb 

Kinkead Industries, Inc., Ill 

Leed, H.A. Corp., Conn 

Magnesium Co. of America, Ind 

Magnesium Elektron, Inc., NY 

Merz Machine & Tool Works, Ind 

Metal Finishers, Inc., Md 

Mirro Aluminum Co., Wis 

Modern Plating Corp., Ill 

National Aluminum Co., Ohio 

National Galvanizing Co., Pa 

National Gasket & Washer Mfg. Co., 
Inc., NY 

Reed & Prince Mfg. Co., Mass 

Reynolds Metal Co., Ky 

Rustproofing & Metal Finishing Corp., 
Mass 

Saramar Aluminum Co., Ohio 

Schwartz Chemical Co., Inc., NY 

Southern Aluminum Finishing Co., Inc., 
Ga 


Spencer Nahm Co., Calif 

Stevens, Frederic B, Inc., Mich 

Trim Alloys, Inc., Mass 

Udylite Corp., Mich 

Vanamatic Co., Ohio 

W L S Stamping Co., Ohio 

Woodstock Div., Electric Auto-Lite Co., 
Ill 

Youngstown Mfg. Inc., Ohio 


Conversion Coat- 
ings, Chromate 


(formulations) 


Abalon Precision Mfg. Corp., NY 
Acme Plating Co., Ohio 
Allied Research 
Inc., Md 
—Ad p 281 
Amchem Products, Inc., Pa 
—Ad p 279 
Chemical Corp., Mass 
—Ad p 291 
Chemical Coatings & Engineering Co., 
Inc., Pa 
Colonial Alloys Co., Pa 
Conversion Chemical Corp., Conn 
Diamond Alkali Co., Ohio 
Dollin Corp., NJ 
Enthone, Inc., Conn 
Heatbath Corp., Mass 
Hull, R.O. & Co., Inc., Ohio 
MacDermid, Inc., Conn 
Metal & Thermit Corp., NJ 
Mitchell-Bradford Chemical Co., Conn 
Modern Plating Corp., Ill 
Neilson Chemical Co., Mich 
Oakite Products, Inc., NY 
Octagon Process, Inc., NY 
Parker Paint Mfg. Corp., Ind 
Parker Rust Proof Co., Mich 
Pierce & Stevens Chemical Corp., NY 


Products, 





Promat Div., Poor & Co., Ill 
Thompson & Co., Pa 

Turco Products, Inc., Calif 
Vanamatic Co., Ohio 

Zeller Corp., Ohio 


Conversion Coat- 
ings, Chromate 


(coaters) 


Abalon Precision Mfg. Corp., NY 
Acme Plating Co., Ohio 


Amchem Products, Inc., Pa 

American Agile Corp., Ohio 

American Emblem Co., Inc., NY 

Clad-Rex Corp., Ill 

Colonial Alloys Co., Pa 

Diversey Corp., Metal Industries Div., 
Ill 


Dollin Corp., NJ 

Du-Wel Metal Products, Inc., Mich 

Eaton Mfg. Co., Reliance Div., Ohio 

Electrofilm, Inc., Calif 

Falstrom Co., NJ 

Farwell Metal Fabricating, Minn 

Hardy Mfg. Corp., Ind 

Kelley Mfg. Co., Tex 

Metal Finishers, Inc., Md 

Metal & Thermit Corp., NJ 

Modern Plating Corp., Ill 

Norgren-Stemac, Inc., Colo 

Promat Div., Poor & Co., Ill 

Rustproofing & Metal Finishing Corp., 
Mass 

Sommer Metalcraft Corp., Ind 

Spencer Nahm Co., Calif 

United-Carr Fastener Corp., Mass 

W L S Stamping Co., Ohio 

Witt Cornice Co., Galvanizing Div., 
Ohio 

Worth Co., Wis 

Zeller Corp., Ohio 


Conversion Ccoat- 


ings, Oxide 
(formulations) 
Birchwood Chemical Co., Minn 


Dollin Corp., NJ 
Enthone, Inc., Conn 
Heatbath Corp., Mass 
Houghton, E.F. & Co., Pa 
Hull, R.O. & Co., Inc., Ohio 
MacDermid, Inc., Conn 
Mitchell-Bradford Chemical Co., Conn 
Modern Plating Corp., Ill 
Neilson Chemical Co., Mich 
Parker Paint Mfg. Corp., Ind 
Promat Div., Poor & Co., I!! 


Solvay Process Div., Allied 
Chemical Corp., NY 
—Ad p 289 

Thompson & Co., Pa 

Tube Reducing Corp., NJ 

Vanamatic Co., Ohio 

Zeller Corp., Ohio 





MATERIALS 
a—Aluminum and its alloys 


b—Copper and its alloys 





c—lIron and its alloys (except stee!) 


KEY 


e—Magnesium and its alloys 
f—Nickel and its alloys 
g—Steels 


d—tLead and its alloys h—tTitanium and its alloys m—Elastomers 
BASIC FORMS —<—-—— -—- 3-3-3 3r rrr errno -—-= 
nm—Anodes r—Custom formed parts v—Foil aa—Powder 
o—Bar (incl. specialties) w—lIngot bb—Rod 

polymers or gums s—Fibers x—Laminating, casting co—Sheet 
p—Base resins t—Film resins dd—Strip 

‘ u—Foams (component y—Molding compounds ee—Tubing 

q—Billets materials or products) z—Plate ff—wWire 


j—Zinc and its alloys 
k—Thermoplastics 
i—Thermosetting plastics 
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IN DESIGN ENGINEERING 





| Conversion 


Coatings, Oxide 
(coaters) 


Biddle Screw Products Co., Ind 
Diversey Corp., Metal Industries Diy. 
Ill 


Dollin Corp., NJ 

Electric Auto-Lite Co., Ohio 

Kelley Mfg. Co., Tex 

Metal Finishers, Inc., Md 

Metallizing Co. of Los Angeles, Inc., 
Calif 

Modern Plating Corp., Ill 

Rustproofing & Metal Finishing Corp., 
Mass 

Spencer Nahm Co., Calif 

United-Carr Fastener Corp., Mass 

W L S Stamping Co., Ohio 

Worth Co., Wis 


Conversion Coat- 
ings, Phosphate 


(formulations) 


Ainsworth Precision Castings 
Co., Div. of Harsco Corp., 
Mich 


Amchem Products, Inc., Pa 
—Ad p 279 

Ashtabula Mfg. Co., Ohio 

Detrex Chemical Industries, Inc., Mich 


Dollin Corp., NJ 

Farrelloy Co., Pa 

Fidelity Chemical Products Corp., NJ 

Houghton, E.F. & Co., Pa 

Hull, R.O. & Co., Inc., Ohio 

Kelite Corp., NJ 

MacDermid, Inc., Conn 

Magnuson Products Corp., NY 

Mitchell-Bradford Chemical Co., Conn 

Modern Plating Corp., Ill 

Neilson Chemical Co., Mich 

Oakite Products, Inc., NY 

Octagon Process Inc., NY 

Panther Chemical Corp., Tex 

Parker Rust Proof Co., Mich 

Pennsalt Chemicals Corp., Pa 

Promat Div., Poor & Co., Ill 

Rustproofing & Metal Finishing Corp., 
Mass 

Sharon Steel Corp., Pa 

Thompson & Co., Pa 

Turco Products, Inc., Calif 

Vanamatic Co., Ohio 

Whitfield Chemical Co., Mich 

Zeller Corp., Ohio 


Conversion Coat- 
ings, Phosphate 
(coaters) 


Almco Steel Products Corp., Ind 

Amchem Products, Inc., Pa 

Ashtabula Mfg. Co., Ohio 

Biddle Screw Products Co., Ind 

Brandt, Charles T., Inc., Md 

Clad-Rex Corp., Ill 

Diversey Corp., Metal Industries Div., 
Ill 


Dollin Corp., NJ 

Electric Auto-Lite Co., Ohio 

Electrofilm, Inc., Calif 

Falstrom Co., NJ 

Farwell Metal Fabricating, Minn 

Grand Rapids Brass Co., Mich 

Hardy Mfg. Corp., Ind 

Kelley Mfg. Co., Tex 

Metal Finishers, Inc., Md 

Modern Plating Corp., Ill 

National Metal Products Co., Pa 

Rustproofing & Metal Finishing Corp., 
Mass 

Spencer Nahm Co., Calif 

United Shoe Machinery Corp., Mass 

U.S. Steel Corp., Oi! Well Supply Div., 
Tex 

United-Carr Fastener Corp., Mass 

W L S Stamping Co., Ohio 





witt Cornice Co., Galvanizing Div., 


Ohio 
Worth Co., Wis 





Copper and Its 
Alloys 


A & A Die Casting Co., Calif (cc) 
Acme Tube, Inc., NJ (ee) 

Ajax Metal Div., H. Kramer Co., Pa 

(w) 
Alcasco Foundry, Ill (w) 
Alloy Metal Products, Inc., Iowa (0o,w) 
Alofs Mfg. Co., Mich (dd) 
Alpha Wire Corp., NY (ff) 
American Brass Co., Sub. of Anaconda 
Co., NY (n,0,v,z,bb,cc,dd,ee, ff) 
American Crucible Products 
Co., Ohio 
(o)h—Ad p 136 

American Manganese Bronze Co., Pa 
(o,bb) 

American Metal Climax, Inc., 
NY 
(n,0,q,w,aal—Ad p 132 

American Nickel Alloy Mfg. Corp., NY 
(0) 

American Sheet Metal Works, 
Conn (cc) 

American Silver Co., NY (v,dd) 

Ampco Metal, Inc., Wis (0,q,w,z,bb, 
cc,dd,ee, ff) 

Anaconda Aluminum Co., 
Anaconda Co., NY (q,w) 

Atiantic Steel Co., Ga (cc,dd) 

Atlas Brass Foundry, Calif (o) 

Auld, D.L. Co., Ohio (n,cc,dd,ff) 

Avril, G.A. Co., Ohio (w) 

Babson Dow Mfg. Co., Mass (0) 

Bart Mfg. Corp., NJ (aa) 

Barth Smelting Corp., NJ (w) 

Bay State Refining Co., Inc., Mass (w) 


Beimont Smeiting & Refining 
Works, Inc., NY 
(n,q,w,aad—Ad p 130 

Beryllium Corp., Pa (0,q,w,z,bb,cc,dd, 
ee, ff) 

Biddle Screw Products Co., Ind (bb,ee) 

Bohn Aluminum & Brass Corp., Mich 
(bb, ff) 

Both, A.0. Corp., Mass (aa) 

Bridgeport Brass Co., Conn (n,o,bb,cc, 
dd,ee, ff) 

Bridgeport Rolling Mills Co., Conn (dd) 

Brinkerhoff Brass & Bronze Works, 
Inc., NY (z,bb,cc,dd,ee, ff) 

Bristol Brass Corp., Conn (0,z,bb,cc, 
dd, ff) 

Brush Beryllium Co., Ohio 
(0,q,w,z,dd)—Ad p 130 

Budek & Bock Spring Mfg. Co., Ili (ff) 

Bullock, W.J., Inc., Ala (w) 

Cerro de Pasco Sales Corp., 
NY 
(w,ee, ff) 

Chase Brass & Copper Co., Conn (n, 
0,2,bb,cc,dd) 

Chicago Extruded Metals Co., Ili (bb) 

Clark Perforating Co., Mich (cc,dd) 

Continuous Cast Products Dept., Ameri- 
can Smelting & Refining Co., NY (o) 

Copper & Brass Sales, Inc., Mich (n, 
0,9,¥,2,bb,ce,dd,ee, ff) 

Crucible Steel Co. of America, Ti- 
tanium & Vacuum Metals Product 
Div., Pa (0,q,w,2z,cc,dd) 

Dahlin, C.A. Co., IM (z,cc,ee) 

Designers Metal Corp., Ill (ce) 

Detroit Float & Stamping Co., Mich 
(0,bb,dd,ee) 

Dixon Sintaloy, Inc., Conn (o) 

Dormont Mfg. Co., Pa (ee) 

Driver, Wilbur B. Co., NJ 
(bb,dd,f—Ad p 131 

Driver-Harris Co., NJ (bb, dd) 

— Rolling Mills, Inc., NY (cc, 


Electric Materials Co., Pa (n,o,bb) 

Empire Metal Co., NY (n,o) 

Erskine Precision Wire Corp., Pa (ff) 

Federated Metals Div., American 
Smelting and Refining Co., NY (n, 
0,q,w,bb,ee) P 


Inc., 


Sub. of 








Fromson Orban Co., 
dd,ee) 

General Cable Corp., NY (ff) 

General Plate Div., Metals & Controls 
Corp., Mass (v) 


Glidden Co., 
ments-Metals Div., 
(aa)—Ad p 347 

Gold Leaf & Metallic Powders, Inc., 
NY (aa) 

Grand Rapids Brass Co., Mich (z) 

Greenback Industries, Inc., Mich (aa) 

H & H Tube & Mfg. Co., Mich (dd,ee) 

Hamilton Watch Co., Precision Metals 
Div., Pa (v,bb,cc,dd, ff) 

Hardy, Charles, Inc., NY (aa) 

Harris, Benjamin & Co., Ill (w) 

Harshaw Chemical Co., Ohio (n) 

Hayden Wire Works, Inc., Mass (ff) 

Hettleman K. & Sons., Inc., Md (w) 

Hodgson Foundry Co., Ill (n,o,z) 

Hoffman Bronze & Aluminum Casting 
Co., Ohio (n) 

Hommel, 0. Co., Pa (aa) 

Hoskins Mfg. Co., Mich (bb,dd) 

Hull, R.O. & Co., Inc., Ohio (n) 

Hussey, C.G. & Co., Pa (n,0,v,z,bb,cc, 
dd,ee) 

Inshield Die & Stamping Co., Ohio 
(dd) 

Inspiration Consolidated Copper Co., 
NY (n,0,q) 


Instrument Specialties Co., 
Inc., NJ 
(dd) 

International Minerals & Metals Corp., 
NY (w) 

International Powder Metallurgy Co., 
Inc., Pa (z,aa,ee) 

Jelliff, €.0. Mfg. Corp., Conn (ff) 

Jordan-Rogers Co., Calif (ff) 

K. & L. Plating Co., Pa (z) 

Kenmore Machine Products, Inc., NY 
(ee) 

Kinkead Industries, Inc., Il! (cc,dd) 

Lakeland Industries, Minn (z) 


Laminated Shim Co., Conn 
(cc)h—Ad p 340-41 

Langsenkamp, F.H. Co., Ind (0,z,bb, 
cc,dd,ee, ff) 

Lavin, R. & Sons, Inc., Ill (n,w) 

Leach & Garner Co., Industrial Div., 
Mass (v,bb,cc,dd,ee, ff) 

Lewin-Mathes Div., Cerro De Pasco 
Corp., Mo (q,w,bb,ee) 

Loewenthal Metals Corp., Ill (w) 

Lundquist Tool & Mfg. Co., Inc., Mass 
(cc,dd) 

Mackenzie Walton Corp., RI (ee) 

Magna Mfg. Co., Inc., NJ (aa) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (0,dd,ee,ff) 

Mallory, P.R. & Co., Inc., Ind (0, 
bb,dd, ff) 

Malone Bronze Powder Works, Inc., 
NY (aa) 

Malone Metal Powders, Inc., NJ (aa) 

McGean Chemical Co., Ohio (a,dd) 

McGregor-Michigan Corp., Mich (ee) 

Metal & Thermit Corp., NJ (n) 

Metallizing Co. of Los Angeles, Inc., 
Calif (ff) 

Metals Disintegrating Co., 
(aa) 

Miller Co., Conn (cc) 

Modern Plating Corp., Ill (n,o,dd,ff) 


Mueller Brass Co., Mich 
(bb)—Ad p 357 

Murray, A.B. Co., Inc., NJ (ee) 

National Electric Products Corp., Pa 
(ff) 

National Lead Co., NY (ee) 

Nesor Alloy Products Co., NJ (dd,ff) 

New England Brass Co., Mass (cc,dd) 

New England Electrical Works, Inc., 
NH (ff) 

New England Smelting Works, Inc., 
Mass (w) 

— Copper Co., Conn (n,z,cc, 
dd 

New Jersey Metals Co., NJ (n,w) 

New Jersey Zinc Co., NY 
(aa)—Ad p 325 


Inc., 





Chemicals-Pig- 
Md 


Inc., NJ 


NY (z,cCc, 
















Niagara Falls Smelting & Refining 
Div., Continental Copper & Steel In- 
dustries, Inc., NY (v,w) 

Norrich Plastics Corp., Screw Machine 
Products Div., NY (0,bb) 

Norwalk Powdered Metals, Inc., Conn 
(aa) 

Olds Alloys Co., Calif (ee) 

Olin Mathieson Chemical Corp., NY 
(cc) 

Ormond Mfg. Co., Inc., NJ (dd,ff) 

Peerless Roll Leaf Co., Inc., NJ (v,dd) 

Penn Brass & Copper Co., Pa (ee) 

Phelps Dodge Copper Products Corp., 
Pa (dd) 

Phelps Dodge Refining Corp., NY (n,o) 

Precision Tube Co., Inc., Pa (ee) 

Rathbone Corp., Mass (o,bb) 

Republic Metals Co., Inc., NY (n,w) 

Revere Copper & Brass, Inc., NY (n, 
0,V,z,bb,cc,dd,ee) 

Revere Copper & Brass, Inc., Foil Div., 
NY (v) 

Reynolds Aluminum Supply Co., Ga (o, 
z,bb,cc) 

Rigidized Metals Corp., NY (cc,dd) 

River Smelting & Refining Co., Ohio 
(w) 

Riverside-Alloy Metal Div., H.K. Porter 
Co., Inc., NJ (bb,dd,ff) 

Roebling’s, John A. Sons Corp., NJ 
(bb,dd, ff) 

Rome Mfg. Div., Revere 
Brass, Inc., NY (n) 

Saginaw Bearing Co., Mich (0,q) 

Sall, George Metals Co., Inc., Pa (w) 

Sandusky Foundry & Machine 
Co., Ohio 
(ee) 

Schumann, I. & Co., Ohio (w) 

Scovill Mfg. Co., Mill Prod- 
ucts Div., Conn 
(bb,cc,dd,ee,ff)—Ad pp 125-6 

Sel-Rex Corp., NJ 
(n,aa) 

Seymour Mfg. Co., Conn 
(n,bb,cc,dd,ffl—Ad p 133 

Shenango Furnace Co., Centrifugally 
Cast Products Div., Ohio (ee) 

Sipi Metals Corp., Ill (w) 

Somers Brass Co., Inc., Conn 
(v,dd)—Ad pp 136, 139 

Sonken-Galamba Corp., Mo (w) 

Stamford Rolling Mills Co., Inc., Conn 
(cc) 

Standard Metals Corp., Mass (ee,ff) 

Star Heel Plate Co., Inc., NJ (ff) 

Stevens, Frederic B., Inc., Mich (n) 

Sylvania Electric Products, 
inc., Parts Div., Pa 
(ff)—Ad p 349 

Terre Haute Bronze & Brass Foundry, 
Ind (bb,cc,dd,ee) 

Thinsheet Metals Co., Conn (cc) 

Titan Metal Mfg. Co., Pa (o,bb) 

Triangle Conduit & Cable Co., Inc., 
NJ (bb,ee, ff) 

Udylite Corp., Mich (n,o,bb) 

Ulimann, Inc., Wis (0,ee) 

U.S. Bronze Powder Works, Inc., NJ 
(aa) 

U.S. Metal Products Co., Pa (w) 

U.S. Steel Corp., Pa 
(ff) 

United Wire & Supply Corp., RI (ee, ff) 

Universal Castings Corp., Ill (w) 

Utica Metals Div., Kelsey-Hayes Co., 
NY (0,q,v,w,z,bb,cc,dd, ff) 

Utility Mfg. Co., Mass (o,bb) 

Viking Copper Tube Co., Ohio (ee) 

Volco Brass & Copper Co., NJ (cc) 

Wali Tube & Metal Products Co., 
Tenn (ee) 

Wallace Tube Co., Div. of Wallace 
Supplies Mfg. Co., Ill (ee) 


Waterbury Rolling Mills, Inc., 
Conn 
(cc,dd)—Ad p 129 

Wells, A.H. & Co., Inc., Conn (ee) 

Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa (0,q,v,w,z,bb,cc,dd, 
ee) 

Whitaker Metals Corp., Mo (aa) 

Whitehead Metal Products Co., Inc., 


Copper & 
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NY (o,z,bb,cc,dd,ee, ff) 
Wright, Albert Screw Machine Prod- 
ucts, Calif (bb) 


Cordierite 


(see Ceramics) 


Cork 


Armstrong Cork Co., Pa (r) 
Conolite Div., Continental Can Co., Del 


(bb,cc,ee) 

Dryden Rubber Div., Sheller Mfg. 
Corp., Ill (r,aa,cc) 

Dutch Brand Div., Johns-Manville 


Corp., Ill (r,cc) 
Enamel Products Co., Ohio (r) 
General Gasket, Inc., Conn (r) 
Hollingsworth & Vose Co., Mass (r) 
National Gasket & Washer Mfg. Co., 
Inc., NY (r,cc) 
Newth Rubber Co., RI (cc) 
Peerless Products Industries, Ill (r) 
Sheller Mfg. Corp., Mich (r,bb,cc,ee) 
Spring Packing Corp., Ill (r) 
Staver Co., Inc., NY (r,cc) 
United Cork Cos., NJ (r) 


Corrugated Metals 


Aetna Steel Co., Fla (9) 

Albert Pipe Supply Co., Inc,, NY (g) 

Aluminum Co. of America, Pa 
(a) 

American Sheet Metal Works, 
Conn (a,g) 

Armco Steel Corp., Ohio (g) 

Atlantic Steel Co., Ga (g) 

Bethlehem Steel Co., Pa (c,g) 

Biersach & Niedermeyer Co., Wis (a,b, 
g) 

Cartwright, 
Mich (a) 

Clendenin Bros., Inc., Md (a) 

Colonial Alloys Co., Pa (a) 

Conner Mfg. Co., Ky (c) 

Edgcomb Steel & Aluminum 
Corp., NJ 
(a,g) 

Electric Steel Foundry Co., Ore (g) 

Empire-Reeves Steel Div., Universal- 
Cyclops Steel Corp., Pa (9) 

Guilfoy Cornice Works, Calif (a,c) 

Hussey, C.G. & Co., Div. of Copper 
Range Co., Pa (b) 

Illinois Zinc Co., Div. of Hydrometals, 
Inc., Ill (j) 

Inland Steel Co., Ill (9) 

Johnson Metal Hose, Inc., Conn (b,f, 
9) 

Jones & Laughlin Steel Corp., Pa (g) 

Kaiser Aluminum & Chemical 
Sales, Inc., ll 
(a) 

Kelley Mfg. Co., Tex (a,g) 

Levinson Steel Co., Pa (a,g) 

New York Iron Roofing & Corrugating 
Co., Inc., NJ (a,g) 

a ea Steei Corp., Ohio 
a 

Revere Copper & Brass, Inc., NY (a,b) 

Reynolds Metals Co., Va (a) 

— Joseph T. & Son, Inc., Ill 
9) 

Staver Co., Inc., NY (a,b,c,d,e,f,g,h,j) 

Sun Steel Co., Ill (a,g,h) 

“— Steel Corp., Pa 
9 


Inc., 


R. Tube Products Co., 


Cupro-Nickel 
(see Copper) 


Diallyl Phthalate 
(DAP) 


Cordo Chemical Corp., Conn 
(x,y) 

Durez Plastics Div., 
Chemical Corp., NY 
(yX—Ad pp 192-93 


Hooker 











FMC Organic Chemicals Div., Food 
Machinery & Chemical Corp., NY (p) 

Fiber Glass Industries, Inc., NY (x, 
y,cc) 

Formica Corp., Sub. of American 
Cyanamid Corp., Ohio (bb,cc,dd) 

Hays Mfg. Co., Pa (y) 

Interchemical Corp., NY (p,x,y) 

Maloney, F.H. Co., Tex (y) 

Mesa Plastics Co., Calif (p,y,bb,cc) 

Mico Corp., Calif (x) 

Reichhold Chemicals, Inc. , NY (p,x) 

Spaulding Fibre Co., Inc., NY 
(bb,cc,dd,ee) 

Synthane Corp., Pa 
(bb,cc,dd,ee) 

U.S. Polymeric Chemicals, Inc., Conn 
(s) 


Die Castings 
(see Castings) 


Diffusion Coatings 
(calorized, chromized, sherardized) 
Calorizing Co., Pa 


Chromalloy Corp., NY 
—Ad p 282 

Colonial Alloys Co., Pa 

General Extrusions, Inc., Ohio 

Kelley Mfg. Co., Tex 

Metal Finishers, Inc., Md 

Modern Plating Corp., Ill 

Vanamatic Co., Ohio 


Dip Coatings 
(see Immersion Coatings; 
Galvanizers) 


Dispersion Coat- 
ings 
(see Organic Coatings) 


Drawn, Pressed 
Parts 


(not incl. stampings) 


Abalon Precision Mfg. Corp., NY (a, 
b,c,9) 

Ackermann Mfg. Co., W. Va (g) 

Acme Metal Spinning, Inc., Minn (a, 
b,c,d,e,f,9,h,j) 

Acme Stamping & Mfg. Co., Pa (a,b, 
9) 

Acorn Sheet Metal Mfg. Co., Inc., Ill 
(a,g) 

Alco Products, Inc., NY (g) 

Alloy Products Corp., Wis 
(a,f,g,h)—Ad p 348 

Aluminum Co. of America, Pa 
(a) 

Aluminum Goods Mfg., Wis (a,9) 

American Brass Co., Conn (a,b,c,f,g,)) 

American Car & Foundry Div., ACF 
Industries, Inc., NY (a,e,g) 

American Forge & Mfg. Co., Pa (g) 

American Machine & Foundry Co., 
Cleveland Welding Div., Ohio (f,g,h) 

American Silver Co., Inc., NY (a,b,e, 
f,g) 

Anchor Metal Spinning Co., Ohio (a, 
b,c,d,f,g) 

Anthes Force Oiler Co., lowa (a,g) 

— Steel Corp., Sheffield Div., Mo 
g 

Arrow Metal Products Corp., NJ (a) 

Art Wire & Stamping Co., NJ (a,b,c, 
e,f,g,h,)) 

Arvin Industries, Inc., Ind (a,g) 

Associated Spring Corp., 
Wallace Barnes Steel Div., 
Conn 
(g) 





Suppliers of Materials 


Atlas Metal Parts Co., Wis (a,b,c,g) 

Auld, D.L. Co., Ohio (c) 

Belmont Smelting & Refining Works, 
NY (a,b,9) 

Bethlehem Steel Co., Pa (c,g) 

Boots Aircraft Nut Corp., Conn (g) 

Bossert Div., Rockwell Spring and Axle 
Co., NY (a,b,g) 

Brandt, Charles T., Inc., Md (a,b,e,9) 

Brooks & Perkins, Inc., Mich 
(a,e,g,h)—Ad p 362 

Carpenter Steel Co., Pa (g) 

Chase Brass & Copper Co., Conn (b) 

Cleveland Hardware & Forging Co., 
Ohio (g) 

Cly-Del Mfg. Co., Conn (a,b,f,g,j) 

Colonial Alloys Co., Pa (a) 

Columbus Bolt & Forging Co., Ohio 
(a,b,g) 

Commercial Shearing & Stamping Co., 
Ohio (a,f,g) 

Consolidated Fruit Jar Co., NJ (a,b, 
c,d,9,J) 

Cooley, W.J. & Co., Tenn (a,b,c,9) 

Crown Metal Co., Wis (d) 

Crucible Steel Co. of America, Pa (9, 
h) 

Cuyahoga Stamping Co., Ohio (a,b,g) 

Cyril Bath Co., Ohio (a,e,f,g,h) 

Dahlin, C.A. Co., Ill (a,b,f,9,j) 

Dayton Rogers Mfg. Co., Minn (a,b, 
c,9,J) 

Detroit Stamping Co., Mich (a,b,9) 

Dirilyte Co. of America, Inc., Ind 
(a,b) 

Division Lead Co., Ill (d) 

Dow Chemical Co., Magnesium Div., 
Mich (e) 

Eastern Tool & Mfg. Co., NJ (a,b,c,d, 
g,h) 

Eaton Mfg. Co., Rellance Div., Ohio 
(g) 

Edgcomb Steel & Aluminum 
Corp., NJ 
(g) 

Electric Auto-Lite Co., Ohio (c) 

Electric Materials Co., Pa (b) 

Electric Steel Foundry Co., Ore (g) 

Etched Products Corp., NY (a,b,9) 

Falstrom Co., NJ (a,b,e,f,h) 

Farwell Metal Fabricating, Minn (a,b, 
e,g) 

Fletcher Enamel Co., W. Va (a,b,c,d, 
e,f,9) 

Forg, Peter Mfg. Co., Mass (a,b,c,h) 

Frasse, Peter A. & Co., Inc., NY (a,9) 

Garco Mfg. Co., Inc., Ill (a,b,c,e,f,9, 
h,)) 

General Alloys Co., Mass (a,b,c,f,g) 

General Findings & Supply Co., Indus- 
trial Div., Mass (b,f,g) 

General Plate Div., Metals & Controls 
Corp., Mass (a,b,c,e,f,g,h,)) 

Geuder, Paeschke & Frey Co., Wis (a, 
c,f,9) 

Grammes, L.F. & Sons, Inc., Pa (a, 
b,c,9) 

H & H Tube & Mfg. Co., Mich (b) 

Hydroforming Co. of America, Ill (a, 
b,g) 

Ideal Can Co., Mass (a,b,g) 

Illinois Zinc Co., Div. of Hydrometals, 
Inc., It (jp) 

Ingersoll Products Div., Borg-Warner 
Corp., Ill (g) 

Inland Steel Co., Ill (g) 

International Silver Co., Eyelet 
Specialty Div., Conn (a,b,g) 

Irwin Foundry & Mine Car Co., Pa (g) 

Jones & Laughlin Steel Corp., Pa (9) 

Kees, F.D. Mfg. Co., Neb (a,g) 

Kelley Mfg. Co., Tex (a,g) 

Kling Metal Spinning & Stamping Co., 
NY (a,b,c,d,e,f,9,j) 

Koehler Mfg. Co., Mass (a,b,c,g) 

Latrobe Steel Co., Pa (g) 

Leake Engineering Co., Mich (a,b,c, 
d,e,f,9,h,)) 

Leake Stamping Div., Monarch Prod- 
ucts Co., Mich (a,b,f,g,h) 





Lenape Hydraulic Pressing & 
Forging Co., Pa 
(a,b,g)—Ad p 354 

Linde Co., Div. of Union Car- 
bide Corp., NY 
(g) 

Lukens Steel Co., Pa 
(a,b,e,f,9,h) 

Lundquist Tool & Mfg. Co., Inc., Mass 
(a,g) 

Magline, Inc., Mich (a,e) 

Magnesium Co. of America, Ind (a,e) 

Magnesium Products of Milwaukee, 
Inc., Wis (a,e) 

Mahon, R.C. Co., Mich (a,g) 

Manganese Steel Forge Co., Pa (gq) 

Manufacturers Service, Inc., Ohio (a, 
b,g) 

Matthiessen & Hegeler Zinc Co., Ill (j) 

Midwest Stamping & Mfg. Co., Ohio 
(a,b,f,9) 

Mirro Aluminum Co., Wis (a) 

Morse, Fred W. Co., RI (a,b,c,9,j) 

National Metal Products Co., Pa (a, 
b,d,g,]) 

National Moldite Co., NJ (c) 

Nichols, L.O. & Son Mfg. Co., Mo 
(a,b,c,9) 

Nichols Wire & Aluminum Co., Iowa 
(a) 

Olderman Mfg. Corp., Conn (b) 

Parish Pressed Steel Div., Dana Corp., 
Pa (a,9) 

Parker Metal Goods Co., Mass (a,b,9) 

Peterson Products Corp., Il! (a,b,f,9) 

Phoenix Products Co., Wis (a,b,c,f,g) 

Pioneer Stamped Products Co., NY (a, 
b,e,f,g) 

Pittsburgh Steel Co., Pa (b,c,f,9,]) 

Powell Pressed Steel Co., Ohio (a,g) 

Precision Extrusions, Inc., Ill (a) 

Pressed Steel Co., Pa (a,b,f,9) 

Pressed Steel Tank Co., Wis (a,b,c,e, 
f,g,h) 

Queen Products Co., Inc., Ky (a,g) 

Regal Ware, Inc., Wis (a,b,9) 

Republic Steel Corp., Ohio 
(g) 

Revere Copper & Brass, Inc., NY (a, 
b,c,f,9,)) 

Reynolds Metals Co., Va (a) 

Rockwell-Standard Corp., 
Stamping Div., NY 
(a,b,c,d,f,9,h,)) 

Rolock, Inc., Conn (f) 

Scaife Co., Pa (a,b,c,e,f,9,h) 

Scovill Mfg. Co., Mill Prod- 
ucts Div., Conn 
(a,b,c,f,9) 

Simonsen Metal Products Co., Ill (a, 
9) 

Smoot-Holman Co., Calif (g) 

Southern Metal Products Co., La (a,g) 

Southwestern Porcelain Steel Corp., 
Okla (g) 

Spincraft, Inc., Wis (a,b,g) 

Star Stamping Co., Mich (a,b,g) 

Staver Co., Inc., NY (a,b,c,d,e,f,9,h,)) 

a Metal Products Corp., NJ (a, 
b,¢,9 

Superior Spinning & Stamping Co., 
Ohio (a,b,f,9) 

Sylvania Electric Products, 
Inc., Parts Div., Pa 
(a,b,c,f,g) 

Teiner, Roland Co., Inc., Mass (a,b, 
¢,f,g,h) 

Thompson-Bremer & Co., Ill (a,b,<c,f, 
g,h) 

Titan Metal Mfg. Co., Pa (b) 

Titanium Metals Corp. of America, NY 
(h) 

Triangle Stamping Co., Ohio (a,b,c,d, 
f,9,)) 

U.S. Steel Corp., Pa 
(g) 

United-Carr Fastener Corp., Mass (a,b, 
9) 

Van Huffel Tube Corp., Ohio (a,b,g) 

Vanadium-Alloys Steel Co., Pa (f) 
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Vollrath Co., Wis (g) 

Vulcan-Kidd Steel Div., H.K. Porter 
Co. Inc., Pa (g) 

Waterbury Cos., Inc., Conn 
(a,b,g) 

Waterbury Pressed Metal Co., Conn 
(a,b,f,9) 

Waterman Industries, Inc., Calif (a,b 
9) 

Wayne Foundry & Stamping Co., Mich 
(a,b,e,g,h) 

Wesbar Stamping Corp., Wis (a,b,c,9) 

Whitehead Metal Products Co., Inc., 
NY (a,b,f,g) 

Wickwire Spencer Steel Div., Colorado 
Fuel & Iron Corp., NY (a,b,c,e,f,q) 

Wisconsin Tool & Stamping Co., II! 
(a,b,9) 

Wolverine Tube Div., Calumet & Hecla, 
Inc., Mich (a) 

Worcester Pressed Steel Co., Mass 
(a,b,c,e,f,9,h,j) 

Worcester Stamped Metal Co., Mass 
(a,b,f,9,h,j) 

Wuest Bros., Inc., Ky (a,b,c,f,g) 

Wycoff Steel Co., Pa (9g) 

Youngstown Kitchens Div., American 
Standard Co., Ohio (a,g9) 

Youngstown Mfg., Inc., Ohio (a,g) 


Drop Forgings 


(see Forgings) 


Ductile Iron 


(see Iron) 


Electrodes, 
Welding 


(see Filler Metals) 


Electroless 
Coatings 


(see Immersion Coatings) 


Electroplated 
Coatings 


(Electroplaters; see also Preplated 
Metals) 
A & A Die Casting Co., Calif 
Abalon Precision Mfg. Corp., NY 
Acme Plating Co., Ohio 
Ainsworth Precision Castings 
Co., Div. of Harsco Corp., 
Mich 
—Ad p 344 
Allied Research Products, 
Inc., Md 
Aluminum Billets, Inc., Ohio 
American Emblem Co., Inc., NY 
American Nickeloid Co., Ill 
American Smelting & Refining Co., NY 
Apollo Metal Works, Ill 
Atlantic Brass Works, Inc., II! 
Atlantic Steel Co., Ga 
Auld, D.L. Co., Ohio 
Bart Mfg. Corp., NJ 
Bethlehem Steel Co., Pa 
Bishop, J. & Co. Platinum 
Works, Stainiess Steel 
Products Div., Pa 
Brewer-Titchener Corp., NY 
Brooks & Perkins, Inc., Mich 
Ad p 362 
Campbell, A.S. Co., Inc., Mass 
Chromium Corp. of America, NY 
Cincinnati Pump & Mfg. Co., Inc., 
Ohio 
City Plating Works, Inc., Conn 
Cohan Epner Co., Inc., NY 
Colonial Alloys Co., Pa 











Columbus Dental Mfg. Co., Ohio 

Commercial Screw Products Co., Ohio 

Conforming Matrix Corp., Ohio 

Continental Die Casting Corp., Mich 

Designers Metal Corp., Ill 

Diamond Alkali Co., Ohio 

Diversey Corp., Metal Industries Div., 
lil 

Dollin Corp., NJ 

Du-Wel Metal Products, Inc., Mich 

Eaton Mfg. Co., Reliance Div., Ohio 

Edna Lite Optical Co., Inc., NY 

Electric Auto-Lite Co., Ohio 

Electric Materials Co., Pa 

Electrolizing Corp., Ohio 

Fox Co., Ohio 

General Findings & Supply Co., Indus- 
trial Div., Mass 

Grand Rapids Brass Co., Mich 

Hardy Mfg. Corp., Ind 

Harshaw Chemical Co., Ohio 

Hilfinger Corp., Ohio 

Hull, R.O. & Co., Inc., Ohio 

indium Corp. of America, NY 

Industrial Chromium Corp., Mass 

K. & L. Plating Co., Pa 

Kees, F.D. Mfg. Co., Neb 

La France Precision Casting Co., Pa 

Lakeland Industries, Minn 

Lea Mfg. Co., Conn 

Litho-Strip Corp., M.M. Young Div., 
lll 

Lundquist Tool & Mfg. Co., Inc., Mass 

MacDermid, Inc., Conn 

Marlane Development Co., Inc., NY 

Master Chrome Service, Inc., Ohio 

Mechanical Plating Co., Ill 

Medico Industries, Inc., Pa 

Merrimac Brass, Mass 

Metal Finishers, Inc., Md 

Metal & Thermit Corp., NJ 

Metals & Controls Corp., Mass 

Metaplast Process, Inc., NY 

Michigan Chrome & Chemical Co., Mich 

Modern Plating Corp., Ill 

National Malleable & Steel Castings 
Co., Ohio 

National-Standard Co., Mich 

New Jersey Metals Co., NJ 

New Jersey Zinc Co., NY 

Norgren-Stemac, Inc., Colo 

Olean Electro Plating Co., NY 

Ormond Mfg. Co., Inc., NJ 

Penn Metal Co., Inc., W. Va 

Promat Div., Poor & Co., Iil 

Reed & Prince Mfg. Co., Mass 

Republic Steel Corp., Ohio 

a Div., National-Standard 
0., 

Rustproofing & Metal Finishing Corp., 
Mass 

St. Louis Diecasting Corp., Mo 

Seal-Peel, Inc., Mich 

Semon Bache & Co., NY 

Sharon Steel Corp., Pa 

Sommer Metalcraft Corp., Ind 

Southern Metal Products Co., La 

Spencer Nahm Co., Calif 

Steel Protection & Chemical Co., Ind 

Stevens, Frederic B., Inc., Mich 

Stirrup Metal Products Corp., NJ 

Sylvania Electric Products, 
Inc., Parts Div., Pa 

Thermo Materials, Inc., Calif 

Tiarco Corp., NJ 

Tubular Rivet & Stud Co., Mass 

Udylite Corp., Mich 

United-Carr Fastener Corp., Mass 

Vanamatic Co., Ohio 

Van der Horst Corp., NY 

Van Valkenburg, L.D. Co., Mass 

WLS Stamping Co., Ohio 

Wayne Foundry & Stamping Co., Mich 

Wesbar Stamping Corp., Wis 

Western Coating Co., Mich 

Wickwire Spencer Steel Div., Colorado 
Fuel & Iron Corp., NY 

Williams Gold Refining Co., Inc., NY 

— Div., Electric Auto-Lite Co., 

Worcester Wire Works Div., National- 
Standard Co., Mass 

Worth Co., Wis 

Zeller Corp., Ohio 








Embossed Metals 


(incl. rigidized) 
Aluminum Co. of America, Pa 
(a) 


American Brass Co., Conn (b) 

American Nickeloid Co., Ind. (a,b,9,j) 

American Steel & Wire Dlv., U.S. 
Steel Corp., Ohio (g) 

Ardmore Products, Inc., NJ (a,b,c,d, 
e,f,g,h,J) 

Atlantic Steel Co., Ga (a,b,g) 

Auld, D.L. Co., Ohio (a,b) 

Biersach & Niedermeyer Co., Wis (a, 
b,g) 

Clad Rex Corp., Ill (a,g) 

Colonial Alloys Co., Pa (a) 

Cooley, W.J. & Co., Tenn (a,b,c,9) 

Copper & Brass Sales, Inc., Mich (a) 

Croname Inc., Ill (a,b,9) 

Electric Steel Foundry Co., Ore (a, 
b,c,9) 

Fairmont Aluminum Co., Va (a) 

Falstrom Co., NJ (a,b,e,f,g,h) 

Grammes, L.F. & Sons, Inc., Pa (a, 
b,g) 

Hawkridge Bros. Co., Mass (a) 

Kaiser Aluminum & Chemical 
Sales, Inc., Il 
(a) 

Langsenkamp, F.H. Co., Ind (a) 

Mahon, R.C. Co., Mich (a) 

McKinney Mfg. Co., Pa (a,b,e,f,9) 

Mechanical Steel Tubing Corp., NY 
(a,g) 

Metal Goods Corp., Mo (a) 

Morse, Fred W. Co., RI (a,b,c,9) 

Olin Mathieson Chemical Corp., Alumi- 
num Div., NY (a) 

Parker Metal Goods Co., Mass (a,b,9) 

Premier Metal Works, Inc., Ill (a,b, 
f,g) 

Republic Steel Corp., Ohio 
(g) 

Revere Copper & Brass, Inc., NY (b) 

Reynolds Metal Co., Ky (a) 

Rigidized Metals Corp., NY (a,b,f,g,h) 

Ryerson, Joseph T. & Son, Inc., Ill (a) 

Sharon Steel Corp., Pa (9) 

Southern Aluminum Finishing Co., Inc., 
Ga (a) 

Southwestern Porcelain Steel 
Okla (9) 

Sun Steel Co., Ill (a,g,h) 

Wesbar Stamping Corp., Wis (a,b,c,9) 

Whitehead Metal Products Co., Inc., 
NY (a,b,f,9) 

Wilson-Hurd Mfg. Co., Inc., Wis (a) 


Corp., 


Emulsion Coatings 
(see Organic Coatings) 


Enamels 
(see Organic Coatings) 


Epoxies 

Adhesive Products Corp., NY (x) 

Amercoat Corp., Calif (ee) 

American Metaseal Corp., NJ (x,ee) 

Angier Adhesives Div., Interchemical 
Corp., Mass (x) 

Aries Laboratories, Inc., NY (p,x,y) 

Armstrong Products Co., Ind (x) 

Atlas Mineral Products Co., Pa (x) 

Bakelite Co., Div. of Union Carbide 
Corp., NY (p,x) 

Biggs, Carl H. Co., Inc., Calif (t,x,y) 

Bisonite Co., Inc., NY (x) 

—_ Chemical Div., Borden Co., NY 
p 

Cadillac Plastic & Chemical Co., Mich 
(p,x,y) 

Chemical Coatings & Engineering Co., 
Inc., Pa (p,x) 

Chemical Development Corp., Mass (p, 
x) 


Ciba Co., Inc., Plastics Div., 
Pa 
(p,x)—Ad pp 212-13 





Colonial Kolonite Co., Ill (bb,cc) 
Continental-Diamond Pibre Corp., Del 
(bb,cc,dd,ee) 


Cordo Chemical Corp., Conn 
(x,y) 

Dayton Rubber Co., Ohio (x,y) 

Dennis Chemical Co., Mo (y) 

Devcon Corp., Mass (x,y) 

Dow Chemical Co., 
Div., Mich 
(p)X—Ad pp 189, 198 

Electro Chemical Engineering & Mfg. 
Co., Pa (t,cc) 

Electrofilm, Inc., Calif (t) 

Emerson & Cuming, Inc., Mass (p,u, 
x, bb) 

Fiber Glass Industries, Inc., NY (x,y, 
cc) 

Fibercast Div., Youngstown Sheet & 
Tube Co., Okla (ee) 

Formica Corp., Sub. of American Cy- 
anamid Co., Ohlo (cc,ee) 

Foss Mfg. Co., Plastics Div., Id (p) 

Fry Plastics Co., Calif (p,x) 

Fuller, H.B. Co., Minn (x) 

Furane Plastics, Inc., Calif (x,y) 

Galigher Co., Utah (p,s,x) 

General Electric Co., Laminated Prod- 
ucts Dept., Ohio (bb,cc,ee) 

General Plastics Mfg. Co., Wash (x) 

Glass Reinforced Plastics Corp., Ohio 
(bb,ee) 

Glo-Brite Products, Inc., Ill (u) 

Hardman, H.V. Co., Inc., NJ 
(x,bb) 

Heil Process Equipment Corp., Ohio 
(x) 

Houghton Laboratories, Inc., NY (p, 
x,y,bb,cc,dd,ee) 

Jones-Dabney Co., Div. of Devoe & 
Raynolds Co., Inc., Ky (p,x) 

Kish Industries, Inc., Mich (x) 

Kurz, Kasch, Inc., Ohlo (y) 

Lewis, G.B. Co, Wis 
(bb) 

Loven Chemical of California, Calif (p) 

Maloney, F.H. Co., Tex (x,y) 

Marblette Corp., NY (p,u,x,y,bb) 

Mica Insulator Div., Minnesota Mining 
& Mfg. Co., NY (cc) 

Micarta Div., Westinghouse Electric 
Corp., SC (x,y) 

Minneapolis Honeywell Regulator Co., 
Minn (p,u,x) 

Narmco Resins & Coatings Co., Calif 
(u,x,y,dd) 

National Vulcanized Fibre Co., Del (cc) 

New England Laminates Co., 
inc., Conn 
(cc) 

Norrich Plastics Corp., NY (bb,cc,dd, 
ee) 

Northern Plastics Corp., Wis (cc,dd) 

Ohio Adhesives Corp., Ohio (x) 

Panelyte Div., St. Regls Paper Co., 
NY (x,bb,cc,dd,ee) 

Permacel-LePage’s, Inc., NJ (p,x,y) 

Philrus Products Co., NJ (bb,cc,dd,ee) 

Poly Resins, Calif (p,x) 

Polygon Plastic Co., Ind (ee) 

Porter, William Co., Calif (cc,ee) 

Pyrosil, Inc., Ohio (x,cc) 

Quelcor, Inc., Pa (t) 

Raybestos-Manhattan, _Inc., 
Products Div., Conn (x,cc) 

Raybestos-Manhattan, Inc., Raybestos 
Div., Conn (x) 

Reichhold Chemicals, Inc., NY (p,x) 

Ren Plastics, Inc., Mich (p,s,x,y,ee) 

Reynolds Chemical Products 
Co., Mich 
(p,x) 

Rezolin, Inc., Calif (p,x) 

Rogers Corp., Conn (y) 

Schwartz Chemical Co., Inc., NY (x) 

Shell Chemical Corp., NY (p) 

Specialty Resins Co., Calif (x,y) 

Strick Plastics Co., Pa (u,cc) 

Sun Chemical Corp., Electro Technical 
Div., NJ (x) 

Swediow Plastics Co., Calif (cc) 

Synthane Corp., Pa 
(bb,cc,dd,ee) 


Plastics 


Plastic 








Taylor Fibre Co., Pa 
(bb,cc,dd,ee) 

Thermal Refractories Corp., NJ (u) 

U.S. Gypsum Co., Ill (x) 

U.S. Polymeric Chemicals, Inc., Conn 
(s) 


Ethyi Cellulose 


Ace Plastic Co., NY (bb,cc,dd,ee) 

Adhesive Products Corp., NY (x) 

American Hard Rubber Co. 
Div. of Amerace Corp., NJ 
(bb,dd,ee) 

American Molding Powder & Chemical 
Co., NY (y) 

American Products Mfg. Co., Inc., La 
(t) 

Anchor Plastics Co., Inc., NY 
(bb,dd,ee) 

Auburn Plastics, Inc., NY (bb,dd,ee) 

Bamberger, Claude P., Inc., NJ (y) 

Campco Div., Chicago Molded Products 
Corp., Ill (t,cc) 

Carroll, J.B. Co., Ill (cc) 

Coating Products, iInc., NJ 
(t,cc) 

Continental-Diamond Fibre Corp., Del 
(ee) 

CrystalX Corp., Pa (bb,cc,dd,ee) 

Davis, Joseph Plastics Co., NJ (t,y, 
bb,cc,dd,ee) 

Denver Plastics, Inc., Colo (u) 

Dow Chemical Co., Plastics 
Div., Mich F 
(p,y,cch—Ad pp 189, 198 

Falge Engineering Corp., Md (t) 

General Plastics Mfg. Co., Wash (bb, 
cc,dd,ee) 

Gering Products, Inc., NJ (y,bb,dd) 

Glass Laboratories, NY (bb,dd) 

H & R Industries, Pa (bb,cc,dd,ee) 

Hercules Powder Co., Del (p,y) 

Hydrawlik Co., NJ (bb,dd) 

Industrial Plastics Corp., Ind (bb,dd) 

K S_H Plastics, Inc., Mo (bb,cc,dd) 

Muehlistein, H. & Co., Inc., NY (y) 

Nixon Nitration Works, NJ (bb,cc) 

Omni Products Corp., NY (y,bb,cc) 

Panelyte Div., St. Regis Paper Co., 
NY (cc) 

Perfex Plastics, Inc., Ill (bb,dd,ee) 

Pyramid Plastics, Inc., Ill (bb,dd,ee) 

Schwab Plastic Corp., Mich (bb,cc,dd, 
ee) 

Simon Products Co., Ill (t) 

Southern Plastics Co., SC (bb,cc,dd,ee) 

Sunlites Plastics, Inc., Wis (bb,dd,ee) 

Superior Plastics, Inc., Ill (bb,ee) 

Western Felt Works, Ill 
(cc) 

World Plastex, NY (bb,cc,dd) 

World Plastics, NY (bb,cc,dd,ee) 


Expanded Metals 


Aluminum Co. of America, Pa 
(a) 

American Metal Products, Inc., Ohio 
(g) 

American Sheet Metal 
Conn (a,b,g) 

Atiantic Steel Co., Ga (g) 

Biersach & Niedermeyer Co., Wis (a, 
b,c,f,g) 

Clad-Rex Corp., Ill (a,g) 

Colonial Alloys Co., Pa (a) 

Designers Metal Corp., Ill (a,b,d,e,f, 
9,)) 

Edgcomb Steel & Aluminum 
Corp., NJ 
(a,g) 

Ellwood City Iron & Wire Co., Pa (c) 

Evans, George Corp., Ili (a) 

Flexonics Corp., Ili (g) 

Hawkridge Bros. Co., Mass (a) 

Hazledine, E.T. Co., Ind (g) 

Houston Blow Pipe & Sheet Metal 
Works, Tex (g) 

Ideal Can Co., Mass (g) 

Kaiser Steel Corp., Calif (g) 

Kees, F.D. Mfg. Co., Neb (g) 
Levinson Steel Co., Pa (a,9) 


Works, Inc., 
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Mechanical 
(a,g) 

Metal Goods Corp., Mo (g) 

Penn Metal Co., Inc., Mass (a,b,c,d, 
f,g,h,j) 

Republic Steel Corp., Ohio (g) 

Reynolds Aluminum Supply Co., Ga (a, 
9) 

Rolled Alloys, Inc., Mich (f) 

Rolock Inc., Conn (f) 

Ryerson, Joseph T. & Son, Inc., Ill 
(g) 

Standard Metals Corp., Mass (f) 

Trojan Steel Co., W. Va (g) 

U.S. Gypsum Co., Ill (a,g) 

Vulcan Rail & Construction Co., NY 
(g) 

Ward, H.H. Co., Pa (g) 

Whitehead Metal Products Co., Inc., 
NY (a,f) 

Whyte, Oliver Co., Inc., NY (a,g) 

Wire & Iron Products, Inc., Mich (f,g) 


Extrusions 


(see below; also Impact Extrusions; 
Tubing) 


Extrusions, 
Metallic 


(excl. Tubing, Pipe) 


Accurate Metal Weather Strip Co., 
Inc., NY (a,b) 

Adams Engineering Co., Inc., Fla (a) 

Aerolite Extrusion Co., Ohio (a) 


Allegheny Ludium Steel 
Corp., Pa 
(g) 


Aluminum Co. of America, Pa 
(a,e\—Ad p 331 

Aluminum Billets, Inc., Ohio (a) 

Aluminum Extrusions, Inc., Mich (a) 

American Brass Co., Sub. of Anaconda 
Co., NY (b) 

American Machine & Foundry Co., Ohio 
(g,h) 

American Reed Co., Inc., Mass (e) 

American Steel & Wire Div., U.S. 
Steel Corp., Ohio (g) 

Ampco Metal, Inc., Wis (b) 

Armco Steel Corp., Sheffield Div., Mo 
(g) 

Arvin Industries, Inc., Ind (a) 

Atlantic India Rubber Works, 
Itt (m) 

Atlantic Steel Co., Ga (a) 

Auld, D.L. Co., Ohio (a) 

B & T Metals Co., Ohio (a) 

Babcock & Wilcox Co., Tubular Prod- 
ucts Div., Pa. (c,g) 

Beck, I. & Sons, Inc., NY (a,b) 

Belmont Aluminum Extrusion Co., Pa 
(a) 

Benada Aluminum Products Co., Ohio 
(a) 

Beryllium Corp., Pa (b) 


Inc., 


Suppliers of Materials 


Stee! Tubing Corp., NY | 





Bohn Aluminum & Brass Corp., Mich 
(a,b) 

Bonnell, William L. Co., Inc., Ga (a) 

Bossert Div., Rockwell Spring and Axle 
Co., NY (g) 

Bridgeport Brass Co., Conn (a,b,h) 

Brinkerhoff Brass & Bronze Works, 
Inc., NY (a,b) 

Bristol Brass Corp., Conn (b) 

Bunker Hill Co., Calif (d) 

Burgess-Norton Mfg. Co., Ill (c) 

Cameron iron Works, inc., 
Special Products Div., Tex 
(c,f,g) 


Capital Products Corp., Pa (a) 
Chase Brass & Copper Co., Conn (b,h) 
Clendenin Bros., Inc., Md (a,b) 
Colonial Alloys Co., Pa (a) 
Columbus Bolt & Forging Co.., 
(a,b,g) 
Consolidated Fruit Jar Co., NJ (d) 
Copper & Brass Sales, Inc., Mich (a, 
b,e) 
Corson Industries, Pa (a) 
Craft Mfg. Co., Ill (a,b,c,e,f,g,h,J) 
Crown Metal Co., Wis (d) 
Curtiss-Wright Corp., Metals 
Processing Div., NY 
(f,g,h) 


Cyril Bath Co., Ohio (a,h) 

Detroit Gasket & Mfg. Co., Extruded 
Metals Div., Mich (a) 

Division Lead Co., Ill (d) 

Dixie Aluminum Corp., Ga (a) 

Dixie Bronze Co., Ala (b) 

Dow Chemical Co., Magnesium Div., 
Mich (e) 

Dresser Mfg. Div., Dresser Industries, 
Inc., Pa (f,g) 

Empire Metal Co., NY (d) 

Etched Products Corp., NY (a) 

Eureka Electric Products Co., Pa (b) 

Fletcher Enamel Co., W. Va (a,b,c,d, 
e,f) 

Flynn, Michael Mfg. Co., Pa (a) 

Frasse, Peter A. & Co., Inc., 
NY 
(g) 

Fromson Orban Co., Inc., NY (a) 

Fuller, W.P. & Co., Calif (j) 

Garlock Packing Co., NY 


Ohio 


(k,m) 

General Extrusions, Inc., 
Ohio 
(a)—Ad p 342 


Harvey Aluminum Div., Harvey Ma- 
chine Co., Inc., Calif (a,g,h) 
Hawkridge Bros. Co., Mass (a) 
Himmel Bros. Co., Conn (a) 
Hokin Aluminum Co., Ill (a) 
Hunter Douglas Aluminum Div., Bridge- 
port Brass Co., Calif (a,b) 
International Nickel Co., Inc., 
NY 
(t) 
Jari Extrusions, iInc., NY 
(a)--Ad p 348 
Jasco Aluminum Products Co., NY (a) 
Jet Specialties Co., Inc., Calif (k) 











Jones & Laughlin Steel Corp., Pa (g) 

Kaiser Aluminum & Chemical 
Sales, Inc., lll 
(a) 

Kawneer Co., Mich (a) 

Kidd Drawn Steel Co., Pa (g) 

Kroh Wagner, Ill (a) 

Langsenkamp, F.H. Co., Ind (a) 

Light Metals Corp., Mich (a) 

Magnode Products, Inc., Ohio (a,e) 

Metal Goods Corp., Mo (a) 

Metal Trims, Inc., Miss (a) 

Moczik Tool & Die Works, Mich (a,b) 

Monarch Tool & Mfg. Co., Ky (a) 

National Aluminum Co., Ohio (a) 

National Lead Co., NY (a,b,d) 

National Metal Products Co., Pa (a,b) 

National Vulcanized Fibre 
Co., Del 
(k)—Ad p 225 

New Jersey Aluminum Extrusion Co., 
Inc., NJ (a) 

Olin Mathieson Chemical Corp., Alum- 
inum Div., NY (a) 

Parish Pressed Steel Div., Dana Corp., 
Pa (g) 

Penn Brass & Copper Co., Pa (a) 

Penn Extrusion Corp., Pa (a) 

Pfister Aluminum Corp., NJ (a) 

Phelps Dodge Copper Products Corp., 
Pa 

Pioneer Aluminum, Inc., Calif (a) 

Precision Extrusions, Inc., Ill (a) 

Raybestos-Manhattan, Inc., NJ (k,m) 

Republic Metals Co., Inc., NY 
(d) 

Republic Steel Corp., Ohio (g) 

Revere Copper & Brass, Inc., NY (a, 
b) 

Reynolds Aluminum Supply Co., Ga (a) 

Reynolds Metals Co., Va (a) 

Rockwell-Standard Corp., 
Stamping Div., NY 
(g) 

Royce Aluminum Corp., Mass (a) 

Ryerson, Joseph T. & Son, Inc., Ill (a) 

Saramar Aluminum Co., Ohio (a) 

Scaife Co., Pa (b,c,f,g) 

Scovill Mfg. Co., Conn (b) 

Serrick Corp., John Lees Div., Ind 
(a,g) 

Southern Aluminum Finishing Co. Inc., 
Ga (a) 

Stainless Metals, Inc., NY (g) 

Steel Industries, Inc., Ind (b,g) 

Superior Industries, Inc., Ohio (a) 

Supplex Co., Div. of Amerace Corp., 
NJ (k) 

Texas Aluminum Co., Inc., Tex (a) 

Textron Metals Co., Ohio (a) 

Thompson Products, Inc., Light Metals 
Div., Ohio (a) 

Thompson Products, Inc., Valve Div., 
Ohio (f,9) 

Titan Metal Mfg. Co., Pa (b) 

Titanium Metals Corp. of America, 
NY (h) 

Toledo Stamping & Mfg. Co., Ohio 
(a,g) 

Trim Alloys, Inc., Mass (a) 





MATERIALS 


a—Aluminum and its alloys 
b—Copper and its alloys 





c—lron and its alloys (except steel) 


KEY 


e—Magnesium and its alloys 
f—Nickel and its alloys 
g2—Steels 


d—tLead and its alloys h—tTitanium and its alloys m—Elastomers 

BASIC FORMS ~“]9T" "NY KH KK KF wg wg wg wg ww 37m em ew we -——=— = 

m—Anodes r—Custom formed parts v—Foil aa—Powder 

o—Bar (incl. specialties) w—lIngot bb—Rod 

p—Base resins, t—Film resins dd—Strip 
u—Foams (component y—Molding compounds ee—Tubing 

q—Billets materials or products) z—Plate ff—Wire 


j—Zinc and its alloys 
k—Thermoplastics 
i—Thermosetting plastics 
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United Shoe Machinery Corp., 
(f,g) 
U.S. Extrusions Corp., NY (a) 
U.S. Steel Corp., Pa 
(g) 
Universal! Converting Corp., Mass (a) 
Uniworld Research Corp. of America, 
Ohio (c) 


Mass 


| Vulcan Metal Products, Inc., Ala (a) 


Vulcan Rail & Construction Co., NY 
(a) 

W.F. Mfg. Co., Calif (a) 

Warner Mfg. Corp., NJ (a) 

Werner, R.D. Co, Inc., NY 
(aj—Ad p 346 

Wesbar Stamping Corp., Wis (a,b,c,q) 

White Metal Rolling & Stamping Co., 
NY (a,e) 

Whitehead Metal Products Co., 
NY (a) 

Wilde Tool Co., Inc., Kan (g) 

Wolverine Tube Div., Calumet & Hecla, 
Inc., Mich (a) 

Worcester Pressed Steel Co., Mass (a, 
g) 

Youngstown Kitchens Div., 
Standard Co., Ohio (g) 

Youngstown Mfg., Inc., Ohio (a) 


Inc., 


American 


Extrusions, 


Nonmetallic 
(excl. Tubing, Pipe) 


Ace Plastic Co., NY (k) 

Allegheny Plastics, Inc., Pa (k) 

Allied Resinous Products, Inc., Ohio 
(k) 

Amco Plastic Pipe Co., Calif (k) 

American Agile Corp., Ohio (k) 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(k,1,m) 

American Molding Co., Calif (k) 

American Plastics Corp., NY (k) 

Anchor Plastics Co., Inc., NY 
(kk—Ad p 340 

Anesite Co., Ill (1) 

Atlas Mineral Products Co., 

Auburn Mfg. Co., Conn 
(k,m) 

Auburn Plastics, Inc., NY (k,m) 

Automotive Rubber Co., Inc., Mich (m) 

Beck, I. & Sons, Inc., NY (m) 

Bond International, Inc., Mich (m) 

Borden Co., Borden Chemical Div., 
NY (k) 

Borden Chemical Co., Resinite Dept., 
Calif (k) 

Bowling Green Rubber Co., Ohio (m) 

Brown Rubber Co., Inc., Ind (m) 

Button Corp. of America, NJ (k) 

Cadillac Plastic & Chemical Co., Mich 


Pa (k) 


(k,1) 
Campco Div., Chicago Molded Products 
Corp., Ill (k) 


Canfield, H.0. Co., Va 

Capac Industries, Inc., Mich (k) 

Carlon Products Corp., Ohio (k) 

Carolina Industrial Plastics Div., Essex 
Wire Corp., NC (k) 

Celluplastic Corp., NJ (k) 

Chardon Rubber Co., Ohio (k) 

Chippewa Plastics, Inc., Wis (k) 

Colonial Plastics Mfg. Co., Ohio (k) 

Conneaut Rubber & Plastics Co., Ohio 
(k,m) 

Connecticut Hard Rubber Co., 
Conn 
(m)—Ad p 205 

Continental Rubber Works, Pa (m) 

Continental-Diamond Fibre Corp., Div. 
of Budd Co., Del (k) 

Contour Extrusion Co., NY (k) 

Crescent Plastics, Inc., Ind (k) 

Davis, Joseph Plastics Co., NJ (k) 

Dryden Rubber Div., Sheller Mfg. Co., 
Itt (m) 

Eberhard Faber Pencil Co., NY (m) 

Eclipse Plastic Industries, Inc., Fla 
(k) 

Electric Auto-Lite Co., Ohio (k) 

Eljay Corp., Md (I) 

Enflo Corp., NJ (I) 








Extruders, Inc., Calif (k) 

Faultless Rubber Co., Ohio (m) 

Frost Rubber Co., Ill (m) 

Fry Plastics Co., Calif (k) 

Galigher Co., Utah (k) 

Garlock Packing Co., NY 
(km)—Ad p 361 

Geauga Industries Co., Ohio (k,m) 

General American Transportation Corp., 
Itt (k) 

General Electric Co., Chemical & 
Metallurgical Div., Ill (k) 

General Gasket, Inc., Conn (m) 

General Plastics Corp., Ohio (k) 

Gering Products, Inc., NJ (k) 

Glass Laboratories, Inc., NY (k) 

Glass Reinforced Plastics Corp., Ohio 
(1) 

Glastic Corp., Ohlo (1) 

Goodrich, B.F. Industrial Products Co., 
Ohio (k) 

Gotham Plastics Corp., NY (k) 

H & R Industries, Pa (k,m) 

Hall Mfg. Co., NJ (k) 

Hartwell, H.N. & Sons, Inc., Mass (k) 

Haveg Industries, Inc., Del (I) 

Hawkeye Rubber Mfg. Co., Iowa (k) 

Hewitt Rubber Div., Hewitt-Robins, 
Inc., NY (m) 

Hungerford Plastics Corp., NJ (k,m) 

Hydrawlik Co., NJ (k,m) 

Industrial Plastics Corp., Ind (k) 

Irvington Varnish & Insulation Div., 
Minnesota Mining & Mfg. Co., NJ 
(k) 

Jet Specialties Co., Inc., Calif (k) 

Johnson Plastic Corp., Ohio (k,m) 

Johnson Rubber Co., Ohio (m) 

Jordan-Rogers Co., Calif (k) 

Joymont Plastics, Inc., Ohio (k) 

Judsen Rubber Works, Inc., Ill (m) 

K S H Plastics, Inc., Mo (k) 

Kaykor Industries, Inc., NJ (k) 

Keystone Plastics, Inc., NJ (k) 

Kraloy Plastic Pipe Co., Inc., Calif (k) 

Lewis, G.B. Co., Wis 
(1) 

Luminous Resins, Inc., Ill (k) 

Lus-Trus Corp., Mich (k) 

Luzerne Rubber Co., NJ (k,I) 

Maloney, F.H. Co., Tex (k,m) 

Martin Rubber Co., Inc., NJ (m) 

Mayon Plastics, Minn (k) 

Mechanical Rubber Products Co., NY 
(1) 

Meyer, J. & Sons, Inc., Pa (k) 

Mid-States Rubber Products, Inc., Ind 
(m) 

Midwest Plastic Products Co., Ill (k) 

Minnesota Rubber Co., Minn (I,m) 

Minnesota Rubber & Gasket Co., Minn 
(m) 

Moldex, NY (m) 

Moore, Samuel & Co., Ohio (k) 

Multiple Extrusions, Inc., Minn (m) 

Munray Products Div., Fanner Mfg. 
Co., Ohio (k) 

National Gasket & Washer Mfg. Co., 
Inc., NY (k,I,m) 

National Tube Div., U.S. Steel Corp., 
Pa (k) 
National 
Co., Del 

(kk—Ad p 190 
New England Tape Co., Inc., Mass (k) 
Panelyte Div., St. Regis Paper Co., 
NY (k) 
Parker, Stearns & Co., Inc., NY (m) 
Pawling Rubber Corp., NY (k,I) 
Perfex Plastics, Inc., Ill (k,m) 
Pipco International Corp., Sub. of 
Plastiglide Mfg. Corp., Calif (k) 
Plastex Co., Ohio (k) 


Plastic Engineering, 
Ohio 
(k) 
Plastic Packaging Co., Ill (k) 
Polyform Plasties Corp., NY (k) 
Polygon Plastic Co., Ind (1) 
Polymer Corp. of Pennsylvania, Pa (k) 


Vulcanized Fibre 


Inc., 


Polyplastic Products, Inc., NJ (k) 
Prima Pipe Co., Tex (k) 
Prince Rubber Co., Inc., NY (k,m) 


Pyramid Plastics, Inc., Ill (k) 









Quaker Rubber Div., H.K. Porter Co., | 


Pa (k,m) 
Raybestos-Manhattan, Inc., NJ 
Reliance Plastic & Chemical 

NJ (k) 

Resin Industries, Calif (k) 
Resistoflex Corp., NJ (k) 

Rex Corp., Mass (k) 

Robot Devices, Inc., Va (k) 
Rogers Corp., Conn (m) 
Rowland Products, Inc., Conn (k) 


Corp., 


Ryerson, Joseph T. & Son, Inc., Ill (k) 


Schwab Plastic Corp., Mich (k,m) 

Seamless Rubber Co., Conn (m) 

Shamban, W.S. & Co., Ind (k) 

Sheller Mfg. Corp., Mich (k,I,m) 

Southern Plastics Co., SC (k,m) 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co., Ohio (k) 

Stalwart Rubber Co., Ohio (m) 

Standard Products Co., Mich (m) 

Stockwell Rubber Co., Inc., Pa (k,m) 

Sun Rubber Co., Ohio (m) 

Sunlites Plastics, Inc., Wis (k) 

Superior Plastics, Inc., Ill (k) 

Supplex Co., Div. of American Hard 
Rubber Co., NJ (k,m) 

Technical Specialties Co., NY (m) 

Textron Metals Co., Ohio (k) 

Thombert, Inc., Iowa (k) 

Tri-Point Mfg. & Developing Co., NY 
(k) 

United Shoe 
(k,m) 

U.S. Gasket Plastics 
Packing Co., NJ (k,1) 

U.S. Rubber Co., Mechanical 
Div., Ind (k) 

U.S. Stoneware Co., Ohio (k,I,m) 

Victory Plastics Co., Mass (k) 

Vogt Mfg. Co., NY (k) 

Vulcanized Rubber & Plastics Co., Pa 
(m) 

Western Felt Works, tli 
(I,m) 

Western Plastics Corp., Neb (k) 

Westlake Plastics Co., Pa (k) 

World Plastex, NY (k,m) 

World Plastics, NY (k) 


Machinery Corp., Mass 


Div., Garlock 
Goods 


Fabrics, Nonwoven 
Synthetic 


American Felt Co., 

—Ad p 245 
Beckmann, Inc., NY 
Booth Felt Co., Inc., NY 
Cadillac Plastic & Chemical Co., Mich 
Chicopee Mills, Inc., NY 
Continental Felt Co., NY 
Dexter, C.H. & Sons, Inc., Conn 
Electrofilm Inc., Calif 
Felters Co., Mass 

—Ad p 254 

Ferro Corp., Fiber Glass Div., Tenn 
Filpaco Industries, Inc., Ill 

Foss Mfg. Co., Id 
Gustin-Bacon Mfg. Co., Mo 

Kendall Co., Kendall Mills Div., Mass 
Masiand Duraleather Co., Pa 
National Felt Co., Mass 
Quaker City Felt Co., Pa 

Russell Mfg. Co., Conn 

Snyder, M.L. & Son, Inc., Pa 

Star Woolen Co., NY 
Stevens, J.P. & Co., Inc., NY 
Taliman-McCluskey Fabrics Co., Mo 
Troy Blanket Mills, NY 

U.S. Plywood Corp., NY 
Visking Corp., Fabrics Div., Ark 
Wellington Sears Co., NY 
Wood Conversion Co., Minn 


Cona 


Fabrics, Woven 
(coated) 

Alpha Wire Corp., NY 

Cadillac Plastic & Chemical Co., Mich 


Connecticut Hard Rubber Co., 
Conn 
—Ad p 205 


(I,m) 





Continental-Diamond Fibre Corp., Del 

Cordo Chemical Corp., Conn 

du Pont de Nemours, E.I. & Co., 
Inc., Del 

Goodrich, B.F. Industrial Products Co., 
Ohio 

National Gasket & Washer Mfg. Co., 
Inc., NY 

Russell Mfg. Co., Conn 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co., Ohio 


Fabrics, Woven 
(uncoated) 


Aetna Felt Co., Inc., NY 

Alox Mfg. Co., Mo 

Alpha Wire Corp., NY 

Atlantic Bag Co., NY 

Booth Felt Co., Inc., NY 

Cadillac Plastic & Chemical Co., Mich 

Electrofilm, Inc., Calif 

Ferro Corp., Fiber Glass Div., Tenn 

Foss Mfg. Co., Plastics Div., Id 

Franklin Cotton Mill Co., Ohio 

General Asbestos Gasket Mfg. Corp., 
Mo 

Industrial Rayon Corp., NY 

Kendall Mills Div., Kendall Co., Mass 

National Gasket & Washer Mfg. Co., 
Inc., NY 

Russell Mfg. Co., Conn 

Stevens, J.P. & Co., Inc., NY 

Supreme Industrial Products Co., Ill 

Tallman-McCluskey Fabrics Co., Mo 

Thompson, H.I. Fiber Glass Co., Calif 

Turner Halsey Co., NY 

Twitchell, E.W., Inc., Pa 

U.S. Rubber Co., NY 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY 

Wellington Sears Co., NY 


Felts, Synthetic 


(see Fabrics, Nonwoven) 


Felts, Wool 


Aetna Felt Co., Inc., NY 
American Felt Co., 
—Ad p 245 
Armstrong Cork Co., Pa 
Artex Felt Co., NY 
Bacon Felt Co., Mass 
Beckmann, Inc., NY 
Booth Felt Co., Inc., NY 
Boston Felt Co., Mass 
Carey, Philip Mfg. Co., Ohio 
Central Felt & Fabrics Corp., NY 
Coated Abrasive Products, Inc., Ohio 
Continental Felt Co., NY 
—Ad p 250 
Felters Co., Mass 
—Ad p 254 
Fidelity Felt & Mfg. Co., NY 
Filpaco Industries, Inc., Ill 
General Gasket, Inc., Conn 
Johns-Manville Corp., NY 
Mechanical Felt & Textiles Co., NJ 
National Felt Co., Mass 
National Gasket & Washer Mfg. Co., 
Inc., NY 
Quaker City Felt Co., Pa 
Standard Asbestos Mfg. Co., Ill 
Standard Felt Co., Calif 
Supreme Industrial Products Co., Ill 
Wellington Sears Co., NY 
Western Felt Works, Ill 
—Ad p 249 
Wood Conversion Co., Minn 


Conn 


Ferrites 


(see Ceramics) 


Fibers, Synthetic 


(see specific polymer) 








Filler Metals, 
Welding 


(electrodes, rods, etc.) 


Abalon Precision Mfg. Corp., NY 

Acme Stamping & Mfg. Co., Pa 

Acorn Sheet Metal Mfg. Co., Inc., Ill 

Alloy Rods Co., Pa 

All-State Welding Alloys Co., Inc., NY 

American Manganese Steel Div., 
American Brake Shoe Co., Ill 

American Products Corp., Ill 

American Sheet Metal Works, 
Conn 

Arcos Corp., Pa 

Champion Rivet Co., Ohio 
—Ad p 398 

Electric Steel Foundry Co., Ore 

Eutectic Welding Alloys Corp., NY 

General Dynamics Corp., Liquid Car- 
bonic Div., Ill 

Harnischfeger Corp., Wis 

Hayden Wire Works, Inc., Mass 

Haynes Stellite Co., Div. of Union Car- 
bide Corp., Ind 

Ideal Can Co., Mass 

Ingersoll Products Div., 
Corp., Ill 

International Nickel Co., Inc., 
NY 

Kaiser Aluminum & Chemical 
Sales, Inc., Hl 

King, Alfred B. Co., Conn 

Lincoln Electric Co., Qhio 

Linde Co., Div. of Union Car- 
bide Corp., NY 
—Ad p 400 

Lukens Steel Co., Pa 

Magnesium Co. of America, Ind 

Magnesium Products of Milwaukee, 
Inc., Wis 

Magnesium Elektron, Inc., NY 

Manganese Steel Forge Co., Pa 

Marquette Mfg. Co., Inc., Minn 

McDowell Mfg. Co., Pa 

Metal Goods Corp., Mo 

Metal & Thermit Corp., NJ 

Midwest Stamping & Mfg. Co., Ohio 

Morrisville Foundry Co., Inc., Vt 

Narragansett Boiler Works, Inc., RI 

Somerset Foundry & Machine Co., Pa 

Southern Metal Products Co., La 

United Wire & Supply Corp., RI 

Victor Equipment Co., Calif 

Wall Colmonoy Corp., Stain- 
less Process Div., Mich 

Waterman Industries, Inc., Calif 

Wesbar Stamping Corp., Wis 

Whitehead Metal Products Co., 
NY 


Inc., 


Borg-Warner 


Inc., 


Film 


(see specific plastic or rubber) 


Fluorocarbon 


Plastics 


aaRBee Plastic Co., Calif (y) 

Acme Resin Corp., Ill (p) 

Allegheny Plastics, Inc., Pa (bb,cc,dd) 

Allied Chemical Corp., General Chemi- 
cal Div., NY (p) 

Automotive Rubber Co., Inc., Mich (y, 
cc) 

Bakelite Co., Div. of Union Carbide 
Corp., NY (p) 

Bamberger, Claude P., Inc., NJ (y) 

Cadillac Plastic & Chemical Co., Mich 
(t,bb,cc,dd,ee) 

Chicago Gasket Co., Ill (t,bb,cc,dd,ee) 

Colonial Kolonite Co., Ill (bb,cc,dd,ee) 


Commercial Plastics & Sup- 
ply Corp., NY 
(bb,ce,dd,eek—Ad p 182 

Continental-Diamond Fibre Corp., Del 
(bb,cc,dd,ee) 

Crane Packing Co., Ill (t,bb,cc,dd,ee) 

CrystalX Corp., Pa (t,bb,cc,dd,ee) 

Dixon Corp., RI (y,bb,cc,dd,ee) 

Dodge Fibers Corp., NY (s,t,cc,dd) 
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du Pont de Nemours, E.I. & Co., Inc., 
Del (p,s) 

du Pont de Nemours, E.I. & 
Co., Inc., Polychemicals 
Dept., Del 
(yX—Ad pp 195, 214-215 

du Pont de Nemours, E.I. & Co., Inc., 
Textile Fibers Div., Del (s) 
Electro Chemical Engineering & Mfg. 
Co., Pa (t,cc) 

Enflo Corp., NJ (t,bb,cc,dd,ee) 
Firestone Plastics Co., Pa (p) 
Flexrock Co., Pa (bb,cc,dd,ee) 
Galigher Co., Utah (bb,cc,dd,ee) 
Garlock Packing Co., NY 
(y,bb,cc,dd,ee) 

General Gasket, Inc., Conn (t,cc) 
General Plastics Corp., NJ (t) 

General Plastics Mfg. Co., Wash (bb, 
cc,dd,ee) 

H & R Industries, Pa (bb,cc,dd,ee) 
Haveg Industries, Inc., Del (bb,cc,ee) 
Hitemp Wires, Inc., NY (ee) 

Insulation Mfrs. Corp., Ill (t,bb,cc,dd, 
ee) 

Kurz Kasch, Inc., Ohio (y) 

Maloney, F.H. Co., Tex (y) 

Minnesota Mining & Mfg. Co., Minn 
(y) 

Norrich Plastics Corp., NY (bb,ee) 

Permacel-LePage’s, Inc., NJ (t,cc,ee) 

Polymer Corp. of Pennsylvania, Pa (t, 
bb,cc,dd,ee) 

Raybestos-Manhattan, Inc., Plastic 
Products Div., NJ (bb,cc,dd) 

Resistoflex Corp., NJ (bb,cc,ee) 

Russell Mfg. Co., Conn (s) 

Sanford Plastics Corp., NY (bb,ee) 

Shamban, W.S. & Co., Calif (p,t,x, 
y,bb,cc,dd,ee) 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co., Ohio (t,y,bb,cc,dd,ee) 

Staver Co., Inc., NY (cc,dd) 

Thombert, Inc., lowa (bb,cc,dd,ee) 

Tri-Point Mfg. & Developing Co., NY 
(bb) 

U.S. Gasket Plastics Div., Garlock 
Packing Co., NJ (t,bb,cc,dd,ee) 

U.S. Stoneware Co., Ohio (ee) 

Visking Corp., Plastics Div., Ind (t) 

Vulcan Rubber Products Div., Reeves 
Bros. Inc., NY (bb,dd,ee) 

Westlake Plastics Co., Pa (t,y,bb,cc, 

dd,ee) 


Fluorocarbon 
Rubber 


(fluoroelastomers) 


Allis Rubber Div., Chicago-Allis Mfg. 
Corp., Ill (p) 

Automotive Rubber Co., 
(cc,dd) 

Belko Corp., Md (y) 

Castle Rubber Co., Pa (y,bb,cc,dd,ee) 

Colonial Rubber Co., Ohio (y,cc,dd) 

Connecticut Hard Rubber Co., 
Conn 
(bb,cc,dd,ee) 

Continental Rubber Works, Pa (bb,cc, 
dd,ee) 

Dayton Rubber Co., Ohio (y,bb,cc,dd,ee) 

Dixon Corp., RI (y,bb,cc,dd,ee) 

Dodge Fibers Corp., NY (s,t,cc,dd) 

Dow Corning Corp., Mich (p) 

Dryden Rubber Div., Sheller Mfg. 
Corp., Ill (y,ee) 

du Pont de Nemours, E.1. & Co., Inc., 
Del (cc) 

du Pont de Nemours, E.I. & Co., 
a Elastomer Chemicals Div., Del 
p) 

Electro Chemical Engineering & Mfg. 
Co., Pa (t,cc) 

Flexible Tubing Corp., Conn (ee) 

Flexrock Co., Pa (bb,cc,dd,ee) 


Garlock Packing Co., NY 
(y,cc) 
Hitemp Wires, Inc., NY (ee) 


Inc., Mich 


Suppliers of Materials 





Hooker Chemical Corp., NY (p) 

Johns-Manville Corp., Dutch Brand Div. 
NY (cc) 

Maloney, F.H. Co., Tex (y) 

Minnesota Mining & Mfg. Co., Minn 
(p) 

Norrich Plastics Corp., NY (bb,dd,ee) 

Parker Seal Div., Parker-Hannifin 
Corp., Ohio (u) 

Rogers Corp., Conn (u,y) 

Russell Mfg. Co., Conn (s) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (p,y,cc) 

Western Felt Co., Ill (y,cc,dd,ee) 

Westlake Plastics Co., Pa (bb,cc,dd) 


Foams 
(see specific plastic or rubber) 


Foil 


(see specific metal) 


Forgings 
(see also Cold Headed Parts) 


Abegg & Reinhold Co., Calif (g) 
Accurate Brass Corp., NY (b) 
Alco Products, Inc., NY (g) 
Allegheny Ludium 
Corp., Pa 
(g) 

Aluminium Ltd. Sales, Inc., NY (a) 
Aluminum Co. of America, Pa 
(a,e)h—Ad p 331 

Amalgamated Steel Corp., Ohio (g) 
American Brass Co., Sub. of Ana- 
conda Co., NY (b) 

American Car & Foundry Div., ACF 
Industries, Inc., NY (g) 

American Chain & Cable Co., Pa (g) 

American Forge & Mfg. Co., Pa (9) 

American Manganese Bronze Co., Pa 
(b) 

American Steel Foundries, Ill (g) 

Amforge Div., American Brake Shoe 
Co., Ill (a,g) 

Ampco Metal, Inc., Wis (b) 

Anti-Corrosive Metal Products Co., 
Inc., NY (g) 

Armco Steel Corp., Sheffield Div., Mo 
(g) 

Atlas Drop Forge Co., Mich (c,f,g,h) 

Auld, D.L. Co., Ohio (a) 

Baldt Anchor, Chain & Forge Div., 
Boston Metals Co., Pa (a,b,g) 

Bay City Forge Co., Pa (g) 

Bethlehem Steel Co., Pa (c,g) 

Billings & Spencer Co., Conn (a,b,g,h) 

Bingham Herbrand Corp., Herbrand 
Div., Ohio (g) 

Blakeslee Forging Co., Conn (a,b,c,d, 
f,9,h) 

Bohn Aluminum & Brass Corp., Mich 
(a,b) 

Brewer-Titchener Corp., NY (a,g) 

Bridgeport Brass Co., Conn (a,b,h) 

Bristol Brass Corp., Conn (b) 

California Drop Forge Co., Calif (g) 

Cameron iron Works, iInc., 
Special Products Div., Tex 
(c,f,g)—Ad p 339 

Canton Forge & Axle Works, Poor & 
Co., Ohio (f,g) 

Carbo Tool & Die Co., Ohio (c,f) 

Carpenter Steel Co., Pa (f,g) 

Castle, A.M. & Co., Ill (g) 

Champion Rivet Co., Ohio 
(b,c,g)—Ad p 398 

Chase Brass & Copper Co., Conn (b) 

Chicago Extruded Metals Co., Ill (b) 

Cincinnati Forging Co., Ohio (b) 

Clapp, E.D. Mfg. Co., NY (b,c,f,g) 

a Cap Screw Co., Ohio (a,b, 
9,h 

Cleveland City Forge Co., Ohio (a, 
c,f,g,h) 


Steel 





Cleveland Hardware & Forging Co., 
Ohio (g) 

Colonial Steel Div., Vanadium-Alloys 
Steel Co., Pa (c,g) 

Columbus Bolt & Forging Co., Ohio (g) 

Commercial Shearing & Stamping Co., 
Ohio (g) 

Composite Forgings, Inc., Mich (g) 

Copper & Brass Sales, Inc., Mich (a,b) 

Crucible Steel Co. of America, Ti- 
tanium and Vacuum Metals Product 
Div., Pa (b,c,f,9,h) 

Curtiss-Wright Corp., Metals 
Processing Div., NY 
(a,b,f,g)—Ad p 363 

Cyril Bath Co., Ohio (a,g) 

Dirilyte Co. of America, 
(a,b,e) 

Edgcomb Steel & Aluminum 
Corp., NJ 
(g) 

Electric Auto-Lite Co., Ohio (c) 

Electric Materials Co., Pa (b) 

Electric Steel Foundry Co., Ore (f,g) 

Endicott Forging & Mfg. Co., Inc., NY 
(b,f,9,h) 

Eureka Electric Products Co., Pa (a, 
b,g) 

Fairmount Tool & Forging, Inc., Sub. 
of Houdaille Industries, Inc., Ohio 
(g) 

Frasse, Peter A. & Co., Inc., 
NY 
(a,9) 

Fromson Orban Co., Inc., NY (a) 

Garden State Forge Co., NJ (a,b,c,f, 
g,h) 

Giant Grip Mfg. Co., Wis (a,g,h) 

Greene, G.G. Corp., Pa (9) 

Harvey Aluminum Div., Harvey Ma- 
chine Co. Inc., Calif (a,e,g) 

Heppenstall Co., Pa (g,h) 

Hobbs, Clinton E. Co., Mass (c,g) 

Hunter-Douglas Aluminum Div., Bridge- 
port Brass Co., Calif (a,b) 

Huron Forge & Machine Co., 
(a,b,g) 

Iilinois Forge, Inc., Ill (g) 

Illinois Iron & Bolt Co., Ill (g) 

Indiana Forge & Machine Co., Ind (g) 

International Nickel Co., Inc., NY (f) 

Irwin Foundry & Mine Car Co., Pa (g) 

Isaacson Iron Works, Wash (9) 

Janney Cylinder Co., Pa (b) 

Kaiser Aluminum & Chemical 
Sales, Inc., Ul 
(a) 

Keystone Forging Co., Pa (g) 

Kovar, John R. Mfg. Co., Inc., Minn 
(g) 

Kropp Forge Co., Ill (g,h) 

Ladish Co., Wis (a,b,c,e,f,g,h) 

Larson, Charles E. & Sons, Inc., Ill 
(a,b,c,9) 

Larson Tool & Stamping Co., Mass 
(a,b,c,e,f,9,h,)) 

Latrobe Steel Co., Pa (g) 

Lenape Hydraulic Pressing & 
Forging Co., Pa 
(a,b,9) 

Lindell Drop Forge Co., Mich (g) 

Machinery Forging Co., Ohio (g) 

Mallory, P.R. & Co., Inc., Ind (b) 

Manganese Steel Forge Co., Pa (g) 

McCarter Iron Works, Inc., Pa (g) 

McInnes Steel Co., Pa (f,g,h) 

McNally Pittsburg Mfg. Co., Kan (g) 

Melling Forging Co., Mich (f) 

Midvale-Heppenstall Co., Pa (c,f,g) 

Milwaukee Forge & Machine Co., Wis 
(g) 

Montague Machine Co., Mass (g) 

Moore Dry Dock Co., Calif (g) 


Mueller Brass Co., Mich 
(a,b)—Ad p 357 

Murray, A.B. Co., Inc., NJ (a,b,f,g) 

Murray Tube Works, Inc., NJ (a,b,9) 

National Cored Forging Div., Bridge- 
port Brass Co., Conn (a,b) 

National Forge & Ordnance Co., Pa (9) 


Inc., Ind 


Mich 
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National Lead Co., NY (a,b,h) 
National Supply Co., Industrial Prog. 
ucts Div., Calif (g) 

Norcross, €.S. & Sons Co., Ili (g) 
Ohio Forge & Machine Corp., Ohic 
(c,f,g) 

Olderman Mfg. Corp., Conn (b) 
Olds Alloys Co., Calif (b) 

Pacific States Steel Corp., Calif (g) 
Park Drop Forge Co., Ohio (9) 
Pattin Mfg. Co., Ohio (g) 

Pencoyd Steel & Forge Corp., Pa (c,9) 
Peninsular Steel Co., Mich (g) 

Pettibone Mulliken Corp., Ili (g) 
Pittsburgh Forgings Co., Pa (a,f,g) 

Poor & Co., Canton Forge & Axle 
Works, Ohio (g) 

Porter, H.K., Inc., Mass (g) 
Porter, H.K., Inc., Forge & Fittings 
Div., Ohio (a,g) 

Rankin Forge Co., Pa (c,g) 

Republic Steel Corp., Ohio 
(g) 

Revere Copper & Brass, Inc., NY (a,b) 

Rhode Isiand Tool Co., RI 
(a,b,e,g)—Ad p 342 

Rockford Bolt & Steel Co., Ill (g) 

Ryerson, Joseph T. & Son, Inc., lil 
(a,9) 

St. Pierre Chain Corp., Mass (a,f,g) 

Scovill Mfg. Co., Mill Prod- 
ucts Div., Conn 
(a,b) 

Searjeant Metal Products, Inc., NJ (g) 

Seltzer, George H. & Co., Pa (g) 

Sharpsville Steel Fabricators, 
Pa (g) 

Sherman & Reilly, Inc., Tenn (a,g) 

Skookum Co., Inc., Ore (g) 

Smith-Armstrong Forge, Inc., Ohio (g) 

Standard Forge & Axle Co., Inc., Ala 
(g) 

Standard Steel Works Div., Baldwin- 
Lima-Hamilton Corp., Pa (9) 

Star Heel Plate Co., Inc., NJ (g) 

Steel, R. & Sons, Inc., NY (f,g) 

Steel Improvement and Forge Co., Ohio 
(a,g) 

Struthers Wells Corp., NY (f,9) 

Taylor Forge & Pipe Works, Ili (a,c, 
f,9,h) 

Thompson Products, Inc., Valve Div., 
Ohio (f,g) 

Titan Metal Mfg. Co., Pa (a,b) 

Tool & Mfg. Co., Inc., Pa (g) 

Transue & Williams Steel 
Corp., Ohio (b,c,f,9,h) 

Tube Turns, Ky (a,b,c,f,9,h) 

Union Forging Co., NY (g) 

United Forge Co., Mich (c,g) 

United Shoe Machinery Corp., 
(a) 


U.S. Steel Corp., Pa 
(g) 
Universal-Cyclops Steel Corp., Pa (f,g) 
Uniworld Research Corp. of America, 
Ohio (c) 
Vanadium-Alloys Steel Co., Pa (c,g) 
Vulcan-Kidd Steel Div., H.K. Porter 
Co., Inc., Pa (g) 
Walker Forge, Inc., Wis (g) 
Weatherhead Co., Ind (a,b,g,h) 
Weber-Knapp Co., NY (a) 
Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa (a,b,c,f,g,h) 
Wilcox Forging Corp., Pa (e,f,g,h) 
Wilde Drop Forge & Tool Co., Inc., 
Mo (g) 
Williams, J.H. & Co., NY (a,b,f,9,h) 
Wyman-Gordon Co., Mass (a,e,f,9,h) 
Zeller Corp., Ohio (g) 
Ziv Steel & Wire Co., Ill (g) 


Inc., 


Forging 


Mass 


Forsterite 
(see Ceramics) 


Furanes 


Adhesive Products Corp., NY (x) 
Atlas Mineral Products Co., Pa (p,x) 
Booty Resineers, Inc., NJ (p) 

| Catalin Corp. of America, NY 





(p) 












Durez Plastics Div., Hooker 


Chemical Corp., NY 


(p) 
Electro Chemical Engineering & Mfg. 
Co., Pa (cc) 
Foss Mfg. Co., Plastics Div., Id (p) 
Fyrane Plastics, Inc., Calif (p,x) 
Haveg Industries, Inc., Del (p,bb,cc, 
ee) 
Knight, Maurice A., Ohio (p,x) 
Loven Chemical of California, Calif (p) 
piastics Engineering Co., Wis (p) 
Reichhold Chemicals, Inc., NY (p) 
U.S. Stoneware Co., Ohio Cy) 


Galvanized Metals 
(see Precoated Metals) 


Galvanizers 


Acme Galvanizing Co., Calif 

Advance Galvanizing Co., Calif 

Ainsworth-Precision Castings 
Co., Div. of Harsco Corp., 
Mich 

American Smelting & Refining Co., NY 

American Tinning & Galvanizing Co., 
Pa 

Armco Steel Corp., Ohio 

Armor Galvanizing Works, Inc., Calif 

Atiantic Steel Co., Ga 

Atias Galvanizing Co., Calif 

Bessemer Galvanizing Works, Ala 

Boyles Galvanizing & Plating Co., Tex 

Buffalo Steel Corp., NY 

Cincinnati Pump & Mfg. Co., Inc., 
Ohio 

Clayton & Lambert Mfg. Co., Ky 

Clifton Conduit Co., Inc., Md 

Columbian Steel Tank Co., Mo 

Continental-Emsco Co., Calif 

Debevoise Co., NY 

Designers Metal Corp., Ill 

Detroit Brass & Malleable Co., Mich 

Dow Chemical Co., Tex 

Empire Metal Co., NY 

Enterprise Galvanizing Co., 

Fanner Mfg. Co., Ohio 

Farrelloy Co., Pa 

Fenestra, Inc., Mich 

Green-Walker Galvanizing Co., Inc., La 

Gregory, Thomas Galvanizing Works, 
NY 

Hanton-Gregory Galvanizing Co., Pa 

Haywilk Galvanizing, Inc., La 

Hill, James Mfg. Co., RI 

I\jinois Edison Porcelain Div., McGraw- 
Edison Co., Ill 

Independent Galvanizing Co., NJ 

Joslyn Mfg. & Supply Co., Ill 

Joslyn Pacific Co., Calif 

Kent County Galvanizing Co., RI 

Kinkead Industries, Inc., Ill 

Kobel, W.R. Sheet Metal Products, 
Utah 

Koven, L.O. & Bro., Inc., NJ 

Lawson, F.H. Co., Ohio 

Lehigh Structural Steel Co., Pa 

Lewis Bolt & Nut Co., Minn 

Line Material Industries, 
Edison Co., Pa 

Los Angeles Galvanizing Co., Calif 

Maileable Iron Fittings Co., Conn 

Maze, W.H. Co., Ill 

Metal Coating Corp., Ill 

“ae Co. of Los Angeles, Inc., 

li 

Metalplate Co., Inc., Ala 

Missouri Rolling Mill Corp., Miss 

National Galvanizing Co., Pa 

National Gasket & Washer Mfg. Co., 
Inc., NY 

National Telephone Supply Co., Ohio 

National-Standard Co., Mich 

New Jersey Zinc Co., NY 

Noland Tank & Galvanizing Co,, Tenn 

Northwestern Steel & Wire Co., Ill 

— J. Smith Bolt & Supply Co., 
ex 

Penn Metal Co., Inc., W.Va 

Pennsylvania Range Boiler Co., Pa 

Promat Div., Poor & Co., Ill 


Pa 


McGraw- 











Reed & Prince Mfg. Co., Mass 
Republic Steel Corp., Ohio 


Reynolds Wire Div., National-Standard | 


Co., Til 


Riverside Foundry & Galvanizing Co., | 


Mich 
Roebling’s, John A. Sons Corp., 
Rohnco, Inc., Ill 
Ryerson, Joseph T. & Son, Inc., Ill 
San Francisco Galvanizing Works, Calif 
Sawhill Tubular Products, Inc., Pa 
Scaife Co., Pa 
Schlueter Mfg. Co., 
Sealube Co., Mass 
Sharon Steel Corp., Pa 
Sherman & Reilly, Inc., Tenn 
Southern Galvanizing Co., Md 
Southern Metal Products Co., La 
Spencer Nahm Co., Calif 
Stevens, Frederic B., Inc., Mich 
Superlor-Pacific Galvanizing Co., Calif 
WLS Stamping Co., Ohio 
Wessels Co., Mich 
Wilcox-Crittenden Div., North & Judd 
Mfg. Co., Conn 
Witt Cornice Co., Galvanizing Div., 
Ohio 
Wood, John Co., Ill 
Worcester Wire Works Div., National- 
Standard Co., Mass 
Young & Greenawalt, Ind 


NJ 


Mo 


Germanium 


American Metal Climax, Inc., 
NY 
(o,w,aa) 
American Zinc Sales Co., Mo (q) 
Belmot Smelting & Refining 
Works, Inc., NY 
(aa) 
Eagle-Picher Co., Ohio (w,aa) 
Hardy, Charles, Inc., NY (aa) 
Parker Metal Goods Co., Mass (bb) 
Sylvania Electric Products,  Inc., 
Chemical & Metallurgical Div., Pa 
(w) 
Terre Haute Bronze & Brass Foundry, 
Ind (bb,cc,dd,ee) 
Ulimann, Inc., Wis (o,ee) 


Glass, Alumino- 
Silicate 


Corning Glass Works, NY 
(r,aa,bb,ee)—Ad p 253 

L. 0. F. Glass Fibers Co., Ohio (s) 

Lancaster Glass Corp., Ohio (r) 

Russell Mfg. Co., Conn (r,s) 


Glass, Borosilicate 


Applied Instruments, Inc., NY (z,bb, 
cc,ee) 
Bausch & Lomb Optical Co., NY (r) 
Corning Glass Works, NY 
(r,z,aa,bb,cc,ee)—Ad p 253 
Fish-Schurman Corp., NY (bb,ee) 
Friedrich & Dimmock, Inc., NJ (r,s) 
Gustin-Bacon Mfg. Co., Mo (r,s) 
Lancaster Glass Corp., Ohio (r) 
Manso! Ceramics Co., NJ (r,aa) 
Marsco Mfg. Co., Ill (r) 
Modigiass Fibers, Inc., NJ (s) 
Penberthy Instrument Co., Wash (r) 
Pittsburgh Corning Corp., Pa (u) 
Pittsburgh Plate Glass Co., 
Fiber Glass Div., Pa 
(s)—Ad p 209 
Russell Mfg. Co., Conn (s) 
Semon Bache & Co., NY (z,cc,ee) 
Shull Bros. Glass Co., NJ (r,ee) 
Thompson, H.I. Fiber Glass Co., Calif 
(s) 


Glass, Lead Alkali 
Silicate 


Bausch & Lamb Optical Co., NY (r) 
Corning Glass Works, NY 
(r,aa,bb,ee)—Ad p 253 












Lancaster Glass Corp., Ohio (r) 
Mansol Ceramics Co., NJ (r,aa) 
Pemberthy Instrument Co., Wash (r,z) 
Semon Bache & Co., NY (z,cc,ee) 


Glass, 96% Silica 


Amersil Quartz Div., Engelhard Indus- 
tries, Inc., NJ (c,s,z,aa,bb,cc,ee) 
Applied Instruments, Inc., NY (z,cc, 

ee) 
Corning Glass Works, NY 
(r,z,aa,bb,cc,ee)—Ad p 253 
L.O.F. Glass Fibers Co., Ohio (s) 
Fish-Schurman Corp., NY (bb,ee) 
Marsco Mfg. Co., Ill (r) 
Russell Mfg. Co., Conn (r,s) 
Thompson, H.I. Fiber Glass Co., Calif 
(s) 


Glass, Silica 


Applied Instruments, Inc., NY (z,cc, 
ee) 

Corning Glass Works, NY 
(r,z,aa,cc)h—Ad p 253 

Friedrich & Dimmock, Inc., NJ (r) 
L.O.F. Glass Fibers Co., Ohio (s) 
Modiglass Fibers, Inc., NJ (s) 
Pyrosil, Inc., Ohio (r,z,aa,bb,cc,ee) 
Semon Bache & Co., NY (z,cc,ee) 


Glass, Soda-Lime 


Applied Instruments, Inc., NY (z,bb, 
cc,ee) 

BLC Porous Materials Co., Calif (r,z, 
cc) 

Bausch & Lomb Optical Co., NY (r,s) 

Corning Glass Works, NY 
(r,aa,bb,ee)—Ad p 253 

Erie Scientific Corp., NY (cc) 

Friedrich & Dimmock, Inc., NJ (r,s, 
bb,ee) 

Lancaster Glass Corp., Ohio (r) 

Mansol Ceramics Co., NJ (r,aa) 

Modiglass Fibers, Inc., NJ (s) 

Semon Bache & Co., NY (z,cc,ee) 

Shull Bros. Glass Corp., NJ (r,bb,ee) 

Thompson, H.I. Fiber Glass Co., Calif 
(s) 


Glass Coatings 


(see Inorganic Coatings) 


Glass for Plastics 


Reinforcement 


Bassichis Co., Ohio 
Coast Mfg. & Supply Co., Calif 
Electrofilm, Inc., Calif 
Exeter Mfg. Co., NY 
Ferro Corp., Fiber Glass Div., Tenn 
Flexfirm Products, Calif 
Foss Mfg. Co., Plastics Div., 
L.O.F. Glass Fibers Co., Ohio 
Modigiass Fibers, Inc., NJ 
Owens-Corning Fiberglas Corp., Ohio 
Pittsburgh Plate Glass Co., 
Fiber Glass Div., Pa 
—Ad p 209 
Pyrosil, Inc., Ohlo 
Ren Plastics, Inc., Mich 
Rezolin, Inc., Calif 
Russell Mfg. Co., Cona 
Standard Insulation Co., Plastics Div., 
NJ 
Tallman-McCluskey Fabrics Co., Mo 
Thompson, H.I. Fiber Glass Co., Calif 
U.S. Polymeric Chemicals, Inc., Conn 


Gold and Its Alloys 


Advance Stamping Co., Mich (dd) 
Alpha Metals, Inc., NJ (t) 
American Metal Climax, Inc., 
NY 
(w,aa) 





American Platinum & Silver 
Div., Engelhard Industries, 
inc., NY 
(n,0,v,z,bb,cc,dd,ee, ff) 

American Platinum Works, NJ (z) 

American Silver Co., NY (v,dd) 

American Smelting & Refining Co., NY 
(o) 

Anaconda Aluminum Co., Sub. of Ana- 
conda Co., NY (o) 

Anchor Metal Co., Inc., NY (w) 

Baker & Co., Inc., NJ (n,0,v,w,z,bb,cc, 
dd) 

Bart Mfg. Corp., NJ (aa) 


Bishop, J. & Co. Platinum 
Works, Stainless Steel 
Products Div., Pa 
(v,cc,dd,ee, ff) 


Cerro de Pasco Sales Corp., 
NY 
(o) 

Deringer Metallurgical Corp., Ill (cc, 
ee, ff) 

Eastern Smelting & Refining Corp., 
Mass (n,0,v,w,z,aa,bb,cc,dd,ee, ff) 
General Plate Div., Metals & Controls 

Corp., Mass (n,v,z,bb,cc,dd) 
Goldsmith Bros., S. & R. Co., Ill 
(n,0,V,W,z,aa,bb,cc,dd, ff) 
Hagstoz, T.B. & Son, Pa (n,cc,dd,ff) 
Handy & Harman, NY 
(n,0,q,V,W,z,aa,bb,cc,dd,ee, ff) 
Hanovia Chemical & Mfg. Co., NJ (aa) 
Hardy, Charles, Inc., NY (aa) 
Hastings & Co., Inc., Pa (v) 
Hayden Wire Works, Inc., Mass (ff) 
Improved Seamless Wire Co., RI (bb, 
cc,dd,ee, ff) 
Lakeland Industries, Minn (z) 
Leach & Garner Co., Industrial Div., 
Mass (n,0,v,z,bb,cc,dd,ee, ff) 
Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (n,0,v,z,bb,dd, 
ee, ff) 
Metals & Controls Corp., Mass (n,o, 
q,V,w,z,bb,cc,dd,ee, ff) 
Metals Disintegrating Co., 
(aa) 

Nesor Alloy Products Co., NJ (dd,ff) 
Ney, J.M. Co., Industrial Div., Conn 
(v,z,bb,cc,dd,ee, ff) 

Norwalk Powdered Metals, Inc., Conn 
(aa) 

Peerless Roll Leaf Co., Inc., NJ (v,dd) 
Sel-Rex Corp., NJ 
(n,aa)—Ad p 285 

Standard Metals Corp., Mass (n,o,v,z, 
bb,cc,dd,ee, ff) 

Western Gold & Platinum Co., Calif 
(n,o,aa,bb,cc, ff) 

Wildberg Bros. Smelting & Refining 
Co., Calif (n,o,v,w,z,aa,bb,cc,dd, ff) 
Williams Gold Refining Co., Inc., NY 
(n,0,q,¥,w,z,aa,bb,cc,dd,ee, ff) 


Inc., NJ 


Graphite 
(see Carbon) 


Gray Iron 
(see Iron) 


GR-S Rubber 


(see Styrene-Butadiene Rubber) 


Hard Facing Alloys 


Air Reduction Sales Co., NY 

Alloy Rods Co., Pa 

All-State Welding Alloys Co., 
NY 

American Manganese Steel Div., Amer- 
ican Brake Shoe Co., Ill 

American Smelting & Refining Co., NY 

Arcos Corp., Pa 

Champion Rivet Co., Ohio 

Cleveland Hard Facing Co., Inc., Ohio 

Crucible Steel Co. of America, Pa 

Electric Steel Foundry Co., Ore 


Inc., 
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Suppliers of Materials 


Fansteel Metallurgical Corp., 
Lh 

General Electric Co., NY 

Harnischfeger Corp., Wis 

Hayden Wire Works, Inc., Mass 

Haynes Stellite Co., Div. of Union 
Carbide Corp., Ind 

Hobart Bros. Co., Ohio 

Janney Cylinder Co., Pa 

Kennametal, Inc., 
—Ad p 255 

Kinkead Industries, Inc., Ill 

Lincoln Electric Co., Ohio 

Lincoln Iron Works, Vt 

Marquette Mfg. Co., Inc., Minn 

McKay Co., Pa 

Metal Finishers, Inc., Md 

Metal & Thermit Corp., NJ 

Metal-Cladding, Inc., NY 

Metallizing Co. of Los Angeles Inc., 
Calif 

Overmyer Mould Co., Inc., Ind 

Republic Steel Corp., Ohio 

Reynolds Mfg. Co., Mass 

Sommer Metalcraft Corp., Ind 

Stevens, Frederic B., Inc., Mich 

Stoody Co., Calif 

Tiarco Corp., NJ 

Uniworld Research Corp. of America, 
Ohio 

Vanadium-Alloys Steel Co., Pa 

Victor Equipment Co., Calif 

Wall Colmonoy Corp., Stain- 
less Process Div., Mich 


Pa 


Hard Surfaces for 
Metals 


(see Diffusion Coatings; Hard Facing 
Alloys) 


High Pressure 


Laminates 
(see Laminates) 


Hot Melt Coatings 


(see Organic Coatings) 


Hypalon 


(see Chlorosulfonated Polyethylene 
Rubber) 


Immersion Coat- 


ings, Chemical 
(incl. Electroless) 
Allled Research Products, 
Inc., Md 
—Ad p 281 
Amchem Products, Inc., Pa 
Automotive Rubber Co., Inc., Mich 
Biddle Screw Products Co., Ind 





Birchwood Chemical Co., Minn 

Chemical Coatings & Engineering Co., 
Inc., Pa 

Chemical Development Corp., Mass 

Dollin Corp., NJ 

Electro Chemical Engineering & Mfg. 
Co., Pa 

General American Transportation Corp., 
Ill 

Industrial Chromium Corp., Mass 

Lithcote Corp., Ill 

Magnesium Co. of America, Ind 

Marlane Development Co., Inc., NY 

Merix Chemical Co., II! 

Metal Finishers, Inc., Md 

Metal & Thermit Corp., NJ 

Metal-Cladding, Inc., NY 

Mitchell-Bradford Chemical Co., Conn 

Modern Plating Corp., Ill 

Octagon Process, Inc., NY 

Parker Rust Proof Co., Mich 

Promat Div., Poor & Co., Ill 


Reynolds Chemical Products 
Co., Mich 

Rustproofing & Metal Finishing Corp., 
Mass 

Stevens, Frederic B., Inc., Mich 


Tickle, Arthur Engineering 
Works, Inc., NY 
—Ad p 290 


Turco Products, Inc., Calif 
WLS Stamping Co., Ohio 


Impact Extrusions 
(cold extrusions) 


Allied Products Corp., Mich (g) 

Almco Steel Products Corp., Ind (b,9) 

Aluminum Co. of America, Pa 
(a)d—Ad p 331 


Bossert Div., Rockwell 
Axle Co., NY (g) 

Bridgeport Brass Co., Conn (a,b,c,g9,h) 

Cliff Mfg. Co., Ohio (a,e) 

Curtiss-Wright Corp., NY (g) 

Cyril Bath Co., Ohio (g) 

Dow Chemical Co., Magnesium Div., 
Mich (e) 

Fletcher Enamel Co., W.Va (a,b,c,d, 
e,f) 

Fromson Orban Co., Inc., NY (a) 

Harvey Aluminum Div., Harvey Ma- 
chine Co., Inc., Calif (a) 

Heintz Mfg. Co., Pa (g) 

Hunter-Douglas Aluminum Div., Bridge- 
port Brass Co., Calif (a) 

Impact Extrusions, Inc., Ind (a) 

Impax, Inc., Mo (a,b,e,j) 

Ladish Co., Wis (a,b,c,e,f,g,h) 

Leake Engineering Co., Mich (a,b,d,g9) 

Magline, Inc., Mich (e) 

Magnesium Co. of America, Ind (a,e) 

Mueller Brass Co., Mich 
(a,b,g)—Ad p 357 

Pheoll Mfg. Co., Ill (a,b,c,9) 

Presswork, Inc., Mich (d) 

Republic Steel Corp., Ohio 
(g) 

Sherman & Reilly, Inc., Tenn (e,f,g) 


Spring and 











Sun Tube Corp., NJ (a,b,e) 

Thompson Products, Light Metals Div., 
Ohio (a) 

Townsend Co., Pa (a,b,g) 

United Shoe Machinery Corp., Mass (a) 

Wirz, A.H., Inc., Pa (a,b,d,j) 

Worcester Pressed Steel Co., Mass (a) 


impregnated or 
Compressed 
Wood 


(see Wood) 


impregnation 


Coatings 
(see Organic Coatings) 


Indium and Its 
Alloys 


Alpha Metals, Inc., NJ (0,q,t,w,bb,cc, 
dd) 

American Smelting & Refining Co., NY 
(n,0,q,¥,w,bb,cc,dd, ff) 

Anaconda Aluminum Co., Sub. of Ana- 
conda Co., NY (aa) 

Belmont Smelting & Refining 
Works, Inc., NY 
(o) 


Cerro de Pasco Sales Corp., 
NY 
(o,w) 


Division Lead Co., II! (o,v,cc,ff) 

Empire Metal Co., NY (n,0,q,w,bb, ff) 

Federated Metals Div., American 
Smelting and Refining Co., NY (o, 
q,t,w,bb,cc,dd) 

General Plate Div., Metals & Controls 
Corp., Mass (dd) 

Glidden Co., Chemicals-Pig- 


ments-Metals Div., Md 
(aa) 

Goldsmith Bros. Smelting & Refining 
Co., Ill (0,q) 


Handy & Harman, NY 
(n,0,0,V,W,z,aa,bb,cc,dd,ee, ff) 

Hardy, Charles, Inc. NY (aa) 

Indium Corp. of America, NY 
(n,0,q,¥,W,z,aa,bb,cc,dd,ff) — Ad p 
133 

International Minerals & Metals Corp., 
NY (w) 

Nesor Alloy Products Co., NJ (dd,ff) 

Peerless Roll Leaf Co., Inc., NJ (v, 
dd) 

Sei-Rex Corp., NJ 
(aa) 


Utica Metals Div., Kelsey-Hayes Co., 
NY (w) 

Western Gold & Platinum Co., Calif 
(bb,cc,dd) 

Williams Gold Refining Co., Inc., NY 
(n,0,q,V,W,z,aa,bb,cc,dd,ee, fF) 





MATERIALS 


a—Aluminum and its alloys 
b—Copper and its alloys 





c—lIron and its alloys (except steel) 


KEY 


e—Magnesium and its alloys 
f—Nickel and its alloys 
g—Steels 


d—tLead and its alloys h—Titanium and its alloys m—Elastomers 
nm—Anodes r—Custom formed parts v—Foil aa—Powder 
o—Bar (incl. specialties) w—lIngot bb—Rod 
polymers or gums s—Fibers x—Laminating, casting cc—Sheet 
p—Base resins t—Film resins dd—Strip 
, u—Foams (component y—Molding compounds ee—Tubing 
q—Billets materials or products) z—Plate ff—Wire 


j—Zinc and its alloys 
k—Thermoplastics 
i—Thermosetting plastics 
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Ingots 


(see specific metal) 


Injection Moldings 
(see Moldings) 


inorganic Coatings, 
Ceramic 


(formulations) 


Bisonite Co. Inc., NY 

California Metal Enameling Co., Calif 

Centralab Div., Globe Union. 
inc., Wis 

Chicago Vitreous Corp., Div. of Eagle- 
Picher Co., Ill 

Cooley, W.J. & Co., Tenn 

Dennis Chemical Co., Mo 

Douglas & Sturgess, Calif 

France, J.H. Refractories Co., Pa 

Harshaw Chemical Co., Ohio 

Hayden Wire Works, Inc., Mass 

Hitemp Wires, Inc., NY 

Hommel, 0. Co., Pa 

Ingram-Richardson, Inc., 

Kraus Research Labs, Md 

Laboratory Equipment Corp., Mich 

Linde Co., Div. of Union Car- 
bide Corp., NY 


Lithium Corp. 
Inc., Minn 


Metal & Thermit Corp., NJ 
Metallizing Engineering Co., Inc., NY 
—Ad pp 128, 278, 290 
Norton Co., Mass 
—Ad p 288 
Philadelphia Enameling Works, Inc., Pa 
Refractory & Insulation Corp., NY 
Sauereisen Cements Co., Pa 
Solar Aircraft Co., Calif 
Thermal Refractories Corp., NJ 
Zirconium Corp. of America, Ohio 


Ind 


of America 


Inorganic Coatings, 
Ceramic 


(coaters) 


American Emblem Co., Inc., NY 

Bisonite Co., Inc., NY 

Brooks & Perkins, Inc., Mich 

California Metal Enameling Co., Calif 

Centralab Div., Globe Union 
Inc., Wis 

Cooley, W.J. & Co., Tenn 

Electrofilm, Inc., Calif 

Emerson & Cuming, Inc., Mass 

Enamel Products Co., Ohio 

Erie Ceramic Arts Co., Pa 

Fletcher Enamel Co., W.Va 

Hayden Wire Works, Inc., Mass 

Ingram-Richardson, Inc., Ind 

Lancaster Glass Corp., Ohio 

Linde Co., Div. of Union Car- 
bide Corp., NY 

Metal-Cladding, Inc., NY 

Metallizing Co. of Los Angeles, Inc., 
Calif 

Metaplast Process, Inc., NY 

Norton Co., Mass 
—Ad p 288 

Philadelphia Enameling Works, Inc., 
Pa 

Russell Mfg. Co., Conn 

Solar Aircraft Co., Calif 

Swediow Plastics Co., Calif 

Thermo Materials, Inc., Calif 

Zirconium Corp. of America, Ohio 


Inorganic Coatings, 
Porcelain or 
Glass 


(formulations) 


Bettinger Corp., Mass 

California Metal Enameling Co., Calif 

Chicago Vitreous Corp., Div. of Eagle- 
Picher Co., Ill 

Dennis Chemical Co., Mo 














Du-Co Ceramics Co., Pa 

Ferro Corp., Ohio 

Harshaw Chemical Co., Ohio 

Hitemp Wires, Inc., NY 

Hommel, 0. Co., Pa 

Independence Stove & Mfg. Co., Mo 

Ingram-Richardson, Inc., Ind 

Lithium Corp. of America 
inc., Minn 

Metal-Cladding Inc., NY 

Pemco Corp., Md 

Philadelphia Enameling Works, 
Pa 

Pierce & Stevens Chemical Corp., NY 

Pittsburgh Plate Glass Co., Pa 

Sauereisen Cements Co., Pa 


Inc., 


inorganic Coatings, 
Porcelain or 
Glass 


(enamelers) 


American Valve & Enameling Corp., Ind 
Applied Instruments, Inc., NY 
Barrows Porcelain Enamel Corp., Ohio 
Bettinger Corp., Mass 

Bevan Co., Calif 

California Metal Enameling Co., Calif 

Cleveland Porceiain Enameling Co., 
Ohio 

Emerson & Cuming, Inc., Mass 
Enamel Products Co., Ohio 

Erie Ceramic Arts 
—Ad p 282 

Erie Enameling Co., Pa 

Ervite Co., Pa 

Ferro Enameling Co., Calif 

Fletcher Enamel Co., W.Va 

Frenchtown Porcelain Co., NJ 

Geuder, Paeschke & Frey Co., Wis 

Heintz Mfg. Co., Pa 

Independence Stove & Mfg. Co., Mo 

Ingersoll Products Div., Borg-Warner 
Corp., Ill 

Ingram-Richardson, Inc., Ind 

Ingram-Richardson Mfg. Co., Pa 

Kawneer Co., Mich 

Lansdale Porcelain Enamel Corp., Pa 

Metal & Thermit Corp., NJ 

Metal-Ciadding, Inc., NY 


Monarch Aluminum Mfg. Co., 
Ohio 

National Metal Products Co., Pa 

Penn Fibre & Specialty Co., Inc., Pa 

Philadelphia Enameling Works, Inc., 
Pa 

Porcelain Enamel Finishers, Ill 

Smith, A.0. Corp., Wis 

Smoot-Holman Co., Calif 

Southwestern Porcelain Steel 
Okla 

Temco, Inc., Tenn 

Vollrath Co., Wis 


Co., Pa 


Corp., 


Inorganic Fibers 


(except Asbestos, Ceramic, Glass, 
Carbon; see these categories) 
Allied Chemical Corp., Plastics & 
Coal Chemicals Div., NY 
Baldwin-Hill Co., NJ 
Carborundum Co., NY 
—Ad p 244 
Carey, Philip Mfg. Co., Ohio 
Electrofilm Inc., Calif 
Gustin-Bacon Mfg. Co., Mo 
Johns-Manville Corp., NY 
L. 0. F. Glass Fibers Co., Ohio 
Modig!ass Fibers, Inc., NJ 
Standard Asbestos Mfg. Co., Ill 


Intermetallic 


Compounds 
(see Ceramics; Refractories) 


Investment 
Castings 


(see castings) 





Iron, Alloy 
(castings) 


Acme Foundry & Machine Co., Okla 

Advance Foundry Co., Ohio 

Albion Malleable Iron Co., Mich 

Alloy Precision Castings Co., Ohio 

Almont Mfg. Co., Mich 

Alten Foundry & Machine Works, Inc., 
Ohio 

American Cast Iron Pipe Co., 
Ala 


American Foundries Co., Mich 

Apex Foundry, Inc., Mich 

Apex Steel Corp., Ltd., Calif 

Arzt, T.L. Foundry Co., Ill 

Atlantic Foundry Co., Ohio 

Banner Iron Works, Mo 

Barber Iron Work, Inc., La 

Bay City Foundry Co., Mich 

Beaver Valley Alloy Foundry Co., Pa 

Belle City Malleable Iron, Racine 
Steel Castings Co., Wis 

Beloit Foundry Co., Ill 

Bierman-Everett Foundry Co., NJ 

Bignall Co., NY 

Blackmer Pump Co., Ohio 

Bonnot Co., Ohio 

Brom Machine & Foundry Co., Minn 

Butler Engine & Foundry Co., Inc., Pa 

Cadillac Malleable Iron Co., Mich 

Calumet Div., Calumet & Hecla, Inc., 
Mich 


Campbell, Wyant & Cannon Foundry 
Co., Div. of Textron, Inc., Mich 

Carondelet Foundry Co., Mo 

Casting Service Corp. of Michigan, 
Mich 

Chemung Foundry Corp., NY 

Chicago Hardware Foundry Co., Ill 

Cleveland Foundry & Mfg. Co., Inc., 
Tenn 


Crawford & Doherty Foundry Co., Ore 

Curtiss-Wright Corp., NY 

Dalton Foundries, Inc., Ind 

Dayton Foundry, Calif 

Deuscher, H.P. Co., Ohio 

Ehrsam, J.B. & Sons Mfg. Co., Kan 

Electric Steel Foundry Co., Ore 

Electron Corp., Colo 

Elk Engineering Works, Inc., Pa 

Enterprise Wheel & Car Corp., Va 

Florence Pipe Foundry & Machine Co., 
NJ 

Flynn & Emrich Co., Md 

Frederick Iron & Steel, Inc., Md 

G. & C. Foundry Co., Ohio 

Gale Mfg. Co., Mich 

General Electric Co., Foundry Dept., 
NY 

Gillett & Eaton, Inc., Minn 

Goslin Birmingham Mfg. Co., Inc., Ala 

Grafton Foundry Co., Wis 

Grede Foundries, Inc., Wis 

Green Bay Foundry & Machine Works, 
Wis 

Greenlee Foundry Co., Ill 

Grimm Foundry Co., Inc., NJ 

Gunite Foundries Corp., Ill 

H & H Foundry Machine Co., Pa 

Hamilton Foundry & Machine Co., Ohio 

Helmick Foundry-Machine Co., W.Va 

Hewitt, John Foundry Co., NJ 

Howard Foundry Co., Ill 

Irwin Foundry & Mine Car Co., Pa 

Janney Cylinder Co., Pa 

Keen Foundry Co., Inc., Ind 

Kingsport Foundry & Mfg. Corp., Tenn 

Kolcast Industries Div., Thompson 
Products, Inc., Ohio 

Kramer Bros. Foundry Co., Ohio 

Kutztown Foundry & Machine Corp., 
Pa 

Lake Erie Foundry Co., NY 

Lang-Scharmann & Co., Wis 

Lawton, C.A. Co., Wis 

Liberty Foundry Co., Mo 

Lincoln Foundry Corp., Calif 

Littlestown Hardware & Foundry Co., 
Inc., Pa 

Lodi Iron Works, Inc., Calif 

Long Beach Iron Works, Calif 

Macaulay, H.C. Foundry Co., Calif 





' 










Mackintosh-Hemphill Div., E.W. Bliss 
Co., Pa 

Manufacturers Iron Foundry, Inc., Conn 

McLanahan & Stone Corp., Pa 

Meehanite Metal Corp., NY 

Mercast Mfg. Corp., Calif 

Metropolitan Iron Foundry, NY 

Midwestern Foundries, Inc., Ind 

Misco Precision Casting Co., Mich 

Montague Machine Co., Mass 

National Iron Co., Minn 

National Malleable & Steel Castings 
Co., Ohio 

Neenah Foundry Co., Wis 

North Wales Foundry Co., Inc., Pa 

Oak Hill Foundry & Machine Works, 
Ohio 

Oakland Foundry & Machine Co., Mich 

Oil City Iron Works, Tex 

Overmyer Mould Co., Inc., Ind 

Perkins, Henry Co., Mass 

Pittsburgh Foundry & Machine Co., 
Pa 

Pohiman Foundry Co., Inc., NY 

Posey Iron Works, Inc., Pa 

Potts, C. & G. & Co., Ind 

Prescott Co., Mich 

Pusey & Jones Corp., Del 

Quaker Alloy Casting Co., Pa 

Quest, J.F. Foundry Co., Minn 

Republic Steel Corp., Ohio 

Richmond Foundry & Mfg. Co., Inc., 
Va 

Ridge Foundry, Calif 

Riverside Foundry & Galvanizing Co., 
Mich 

Rosedale Foundry & Machine Co., Pa 

Ross-Meehan Foundries, Tenn 

St. Marys Foundry Co., Ohio 

Schaefer-Goodnow Foundries, Inc., Pa 

Schneider, Bowman Co., Inc., Pa 

Scudder, E.J. Foundry & Machine Co., 
NJ 

Shartle Div., Black-Clawson Co., Ohio 

Sheffield Foundry Co., Ill 

Shenango Furnace Co., Centrifugally 
Cast Products Div., Ohio 

Sibley Machine & Foundry Corp., Ind 

Sioux City Foundry & Boiler Co., Iowa 

Sonith Foundries, Food Machinery 
Corp., Ind 

Sorbo-Mat 
neers, Mo 
—Ad p 355 

Sparta Foundry Div., Muskegon Piston 
Ring Co., Mich 

Springfield Foundry Co., Mass 

Spuck Iron & Foundry Co., Mo 

Star Heel Plate Co., Inc., NJ 

Stuart Foundry Co., Mich 

Superior Foundry, Inc., Ohio 

Taylor & Co., Inc., NY 

Taylor & Boggis Foundry, Ohio 

Texas Foundries, Inc., Tex 

Tower Grove Foundry, Mo 

Union Iron Works, Wash 

United Shoe Machinery Corp., Mass 

U.S. Pipe & Foundry Co., Ala 

Uniworld Research Corp. of America, 
Ohio 

Valley Iron Works, Minn 

Wall Colmonoy Corp., Stain- 
less Process Div., Mich 

Washington Iron Works, Wash 

Waterman Industries, Inc., Calif 

West Point Foundry & Machine Co., 
Div. of Batson-Cook Co., Ga 

Zenith Foundry Co., Wis 
—Ad p 362 


Process Engi- 


Iron, Gray 
(castings) 


ACF Industries, Inc., NY 

Acco Steel Casting Div., American 
Chain & Cable Co., Inc., Pa 

Acme Foundry & Machine Co., Okla 

Advance Foundry Co., Ohio 

Albert Lea Foundry, Div. of Queen 
Products, Inc., Minn 

Allegheny Foundry Co., Pa 

Allis-Chalmers Mfg. Co., Wis 

Alloy Precision Castings Co., Ohio 

Almont Mfg. Co., Mich 





Alten Foundry & Machine Works, Inc., 
Ohio 

American Brake Shoe Co., NY 

American Cast Iron Pipe Co., 
Ala 

American Foundries Co., Mich 

American Foundry Co., Inc., Ind 

American Laundry Machinery Co., NY 

Apex Foundry, Inc., Mich 

Apex Steel Corp., Ltd., Calif 

Appleton Electric Co., Ill 

Arneson Foundry Co., Wis 

Arzt, T.L. Foundry Co., Ill 

Atlantic Foundry Co., Ohio 

Atlas Foundry Co., Ohio 

Atlas Foundry & Mfg. Co., Calif 

Auburn Foundry, Inc., Ind 

Avco Mfg. Corp., New Idea Div., NY 

Baldwin-Lima-Hamilton Corp., Pa 

Banner Iron Works, Mo 

Barber Iron Works, Inc., La 

Barnett Foundry & Machine Co., NJ 

Bay City Foundry Co., Mich 

Becker, L.A. Foundry Co., Mo 

Bellaire Stove Co., Ohio 

Belle City Malleable Iron, 
Steel Castings Co., Wis 

Beloit Foundry Co., Ill 

Bethlehem Steel Co., Pa 

Bierman-Everett Foundry Co., NJ 

Bignall Co., NY 

Black-Clawson Co., Ohio 

Blackmer Pump Co., Ohio 

Bonnot Co., Ohio 

Brake Shoe & Castings Div., American 
Brake Shoe Co., NY 

Bruce Foundry and Mfg. Co., Mich 

Butler Engine & Foundry Co., Inc., Pa 

Calumet Div., Calumet & Hecla, Inc., 
Mich 

Campbell, Wyant & Cannon Foundry 
Co., Div. of Textron, Inc., Mich 

Carondelet Foundry Co., Mo 

Casting Service Corp. of Michigan, 
Mich 

Chemung Foundry Corp., NY 

Chicago Hardware Foundry Co., Il! 

Cincinnati Foundry Co., Ohio 

Cleveland Foundry & Mfg. Co., Inc., 
Tenn 

Columbiana Pump Co., Ohio 

Compton Foundry, Calif 

Continental Gin Co., Ala 

Cooper-Bessemer Corp., Ohio 

Crawford & Doherty Foundry Co., Ore 

Dalton Foundries, Inc., Ind 

Dayton Malleable Iron Co., Ohio 

Decatur Casting Co., Ind 

De Laval Steam Turbine Co., NJ 

Detroit Brass & Malleable Co., Mich 

Deuscher, H.P. Co., Ohio 

Dodge Mfg. Co., Ind 

Dostal Foundry & Machine Co., Mich 

Eaton Mfg. Co., Foundry Div., Mich 

Ehrsam, J.B. & Sons Mfg. Co., Kan 

Electro Metallurgical Co., Div. of 
Union Carbide Corp., NY 

Electron Corp., Colo 

Elk Engineering Works, Inc., Pa 

Elkhart Foundry & Machine Co., Inc., 
Ind 

Elkhart Iron Works, Mich 

Empire Pattern and Foundry Co., Okla 

Enterprise Wheel & Car Corp., Va 

Fearon Foundry Co., Ill 

Florence Pipe Foundry & Machine Co., 
NJ 

Florin Foundry & Mfg. Co., Pa 

Flynn & Emrich Co., Md 

Frederick Iron & Steel, Inc., Md 

Fulton Foundry & Machine Co., Inc., 
Ohio 

G. & C. Foundry Co., Ohio 

Gale Mfg. Co., Mich 

Gartland-Haswell Foundry, Inc., Ohio 

General Electric Co., Foundry Dept., 
NY 

General Foundry & Mfg. Co., Mich 

General Iron Works Co., Colo 

General Motors Corp., Central Foundry 
Div., Mich 

Georgia Iron Works, Ga 

Gillett & Eaton, Inc., Minn 

Glamorgan Pipe & Foundry Co., Va 

Goslin-Birmingham Mfg. Co., Inc., Ala 


Racine 
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Gowanda Furnaces, Inc., NY 

Grafton Foundry Co., Wis 

Grede Foundries, Inc., Wis 

Green Bay Foundry & Machine Works, 
Wis 

Greenlee Foundry Co., Ill 

Grimm Foundry Co., Inc., NJ 

Gunite Foundries Corp., Ill 

H & H Foundry Machine Co., Pa 

Hamilton Foundry & Machine Co., 
Ohio 

Hardinge Mfg. Co., Pa 

Headford Bros. & Hitchins Foundry 
Co., lowa 

Helmick Foundry-Machine Co., W.Va 

Hewitt, John Foundry Co., NJ 

Hodgson Foundry Co., Ill 

Howard Foundry Co., Ill 

Independence Stove & Mfg. Co., Mo 

International Harvester Co., III 

International Nickel Co., Inc., NY 

Irwin Foundry and Mine Car Co., In- 
dustrial and Furnace Car Div., Pa 

Janney Cylinder Co., Pa 

Johnstone Foundries, Inc., Pa 

Kanawha Mfg. Co., W.Va 

Kansas City Hay Press Co., Mo 

Katelman Foundry & Mfg. Co., lowa 

Keen Foundry Co., Inc., Ind 

Kelly Foundry Co., Pa 

King-Seeley Corp., Mich 

Kingsport Foundry & Mfg. Corp., Tenn 

Koehring Co., Wis 

Kramer Bros. Foundry Co., Ohio 

Kutztown Foundry & Machine Corp., 
Pa 

Lake Erie Foundry Co., NY 

Lakeside Malleable Casting Co., Wis 

Lang-Scharmann & Co., Wis 

Lawton, C.A. Co., Wis 

Le Baron, E.L. Foundry, Mass 

Lehigh, Inc., Pa 

Letukas Foundry, Ind 

Lewistown Foundry & Machine Co., Pa 

Liberty Foundry Co., Mo 

Lincoin Foundry Corp., Calif 

Lincoin Iron Works, Vt 

Link-Belt Co., Ind 

Littite Foundries, Inc., Mich 

Littlestown Hardware & Foundry Co., 
Inc., Pa 

Lodge Mfg. Co., Pa 

Lodi Iron Works, Inc., Calif 

Long Beach Iron Works, Calif 

Macaulay, H.C. Foundry Co., Calif 

Madison Foundry Co., Ohio 

Magiri Foundry & Furnace Co., Ill 

Manufacturers Iron Foundry, Inc., 
Conn 

McCarter Iron Works, Inc., Pa 

McLanahan & Stone Corp., Pa 

Meehanite Metal Corp., NY 

Mercast Mfg. Corp., Calif 

Metropolitan Iron Foundry, NY 

Midwestern Foundries, Inc., Ind 

Milwaukee Malleable & Grey 
Works, Wis 

Montague Machine Co., Mass 

Morrisville Foundry Co., Inc., Vt 

National Grey Iron Foundry, Ill 

National Iron Co., Minn 

National Malleable & Steel Castings 
Co., Ohio 

National Supply Co., Pa 

Neenah Foundry Co., Wis 

Noble & Wood Machine Co., NY 

North Wales Foundry Co., Inc., Pa 

= Hill Foundry & Machine Works, 
hio 

Oakland Foundry & Machine Co., Mich 

Oil City Iron Works, Tex 

Overmyer Mould Co., Inc., Ind 

Palmyra Foundry Co., Inc., NJ 

Pequonnock Foundry, Inc., Conn 

Perkins, Henry Co., Mass 

—e Foundry & Machine Co., 
a 


Pohiman Foundry Co., Inc., NY 
Posey Iron Works, Inc., Pa 





Suppliers of Materials 


Potts, C. & G. & Co., Ind 

Prescott Co., Mich 

Pusey & Jones Corp., De! 

Quest, J.F. Foundry Co., Minn 

Refinery Castings Co., Tex 

Republic Steel Corp., Ohio 

Richmond Foundry & Mfg. Co., Inc 
Va 


Ridge Foundry, Calif 

Riverside Foundry Co., Pa 

Riverside Foundry & Galvanizing Co., 
Mich 


Rodney Hunt Machine Co., Mass 

Rosedale Foundry & Machine Co., Pa 

Ross-Meehan Foundries, Tenn 

St. Marys Foundry Co., Ohio 

San Francisco Iron Foundry, Calif 

Schaefer-Goodnow Foundries, Inc., Pa 

Schneider, Bowman Co., Inc., Pa 

Scudder, E.J. Foundry & Machine Co., 
NJ 


Selma Foundry & Machine Co., Ala 

Shakopee Foundry Co., Minn 

Sharpsville Steel Fabricators, Inc., Pa 

Shartle Div., Black-Ciawson Co., Ohio 

Sheffield Foundry Co., Ill 

Shenango Furnace Co., Centrifugally 
Cast Products Div., Ohio 


“7 


Sibley Machine & Foundry Corp., Ind | 
Sioux City Foundry & Boiler Co., Iowa | 


Sonith Foundries, Food Machinery 
Corp., Ind 

Sorbo-Mat 
neers, Mo 


—Ad p 355 


Southern Car & Mfg. Co., Inc., Ala 

Sparta Foundry Div., Muskegon Piston 
Ring Co., Mich 

Spencer’s, I.S. Sons, Inc., Conn 

Spring City Foundry Co., Pa 

Springer’s Foundry Co., Inc., Ind 

Springfield Foundry Co., Mass 

Spuck Iron & Foundry Co., Mo 

Star Heel Plate Co., Inc., NJ 

Stearns-Roger Mfg. Co., Colo 

Sterling Foundry Co., Ill 

Sterrit-Thomas Foundry Co., Pa 

Stuart Foundry Co., Mich 

Superior Foundry, Inc., Ohio 

Swayne-Robinson & Co., Ind 

Swett, A.L. Iron Works, NY 

Taylor & Co., Inc., NY 

Taylor & Boggis Foundry, Ohio 

Terre Haute Malleable & Mfg. Corp., 
Ind 

Tower Grove Foundry, Mo 

Union Iron Works, Wash 

United Shoe Machinery Corp., Mass 

U.S. Pipe & Foundry Co., Ala 

Utica General Jobbing Foundry, Inc., 
NY 

Valley Iron Works, Minn 

Vulcan Foundry Co., Calif 

Vulcan Rail & Construction Co., NY 

Washington Iron Works, Wash 

Waterman Industries, Inc., Calif 

Werner Foundry & Machine Co., Pa 

West Point Foundry & Machine Co., 
Div. of Batson-Cook Co., Ga 

Western Foundry & Machine Works, 
Inc., Kan 

Western Iron & Foundry Co., Inc., Kan 

Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa 

Wollaston Foundry Corp., Mass 

Woodruff & Edwards, Inc., Ii! 

Yale & Towne Mfg. Co., Ill 

Zeliner Foundry Co., Ohio 

Zenith Foundry Co., 
—Ad p 362 


Process Engi- 


iron, ingot 


Alan Wood Steel Co., Pa (o,w) 

| Steel Corp., Ohio (0,q,z,bb,cc, 
dd 

Cannon-Muskegon Corp., Mich (w) 

Crucible Steel Co. of America, Pa (w) 

Crucible Steel Co. of America, Ti- 


| 
| 
J 





tanium & Vacuum Metal Products 
Div., Pa (0,q,z,bb,cc,dd, ff) 

Foote Mineral Co., Pa (aa) 

Globe Steel Abrasive Co., Ohio (aa) 

Hayden Wire Works, Inc., Mass (o, 
bb,ee, ff) 

Metallizing Co. of Los Angeles, Inc., 
Calif (ff) 

National Moldite Co., NY (aa) 

National-Standard Co., Mich (ff) 

National-U.S. Radiator Corp., Plastic 
Metals Div., NY (aa) 

Nesor Alloy Products Co., NJ (ff) 

Norrich Plastics Corp., Screw Ma- 
chine Products Div., NY (o,bb,ee) 

Page Steel & Wire Div., American 
Chain & Cable Co., Inc., Pa (ff) 

Rathbone Corp., Mass (o0,bb) 


Republic Steel Corp., Ohio 
(w,aa) 


Shenango Furnace Co., Centrifugally 
Cast Products Div., Ohio (0,ee) 
Star Heel Plate Co., Inc., NJ (bb) 

Superior Tube Co., Pa (ee) 

Sylvania Electric Products, 
inc., Parts Div., Pa 
(ff)—Ad p 349 


iron, Malleable 
(castings) 


Acco Steel Casting Div., American 
Chain & Cable Co., Inc., Pa 

Acme Steel & Malleable Iron Works, 
NY 

Albion Malleable Iron Co., Mich 

Alloy Precision Castings Co., Ohio 

American Chain & Cable Co., Pa 

American Malleable Castings Co., Ohio 

Appleton Electric Co., Ill 

Auto Specialties Mfg. Co., Mich 

Badger Malleable & Mfg. Co., Wis 

Belcher Malleable Iron Co., Mass 

Belle City Malleable Iron, Racine 
Steel Castings Co., Wis 

Cadillac Mallable Iron Co., Mich 

Chicago Malleable Castings Co., Ill 

Connecticut Malleable Castings Co., 
Conn 

Dayton Malleable Iron Co., Ohio 

Detroit Brass & Malleable Co., Mich 

Eastern Malleable Iron Co., Del 

General Electric Co., Foundry Dept., 
NY 

General Motors Corp., Central Foundry 
Div., Mich 

Hodgson Foundry Co., Ill 

lowa Malleable Iron Co., Iowa 

Jamestown Malleable Iron Corp., NY 

Laconia Malleable Iron Co., NH 

Lake City Malleable Co., Ohio 

Lakeside Malleable Castings Co., Wis 

Lancaster Malleable Castings Co., Pa 

Lehigh, Inc., Pa 

Lincoln Foundry Corp., Calif 

Link-Belt Co., Ind 

McCarter Iron Works, Inc., Pa 

Meadville’ Malleable Iron Co., Pa 

Meeker Foundry Co., NJ 

Milwaukee Malleable & Grey Iron 
Works, Wis 

Muncie Malleable Foundry Co., Ind 

National Malleable & Steel Castings 
Co., Ohio 

Northern Malleable Iron Co., Minn 

Prescott Co., Mich 

Republic Steel Corp., Ohio 

St. Louis Malleable Castings Co., Mo 

Sharpsville Steel Fabricators, Inc., Pa 

Sorbo-Mat Process Engineers, 
Mo 


Star Heel Plate Co., Inc., NJ 

Superior Steel & Malleable Castings 
Co., Mich 

Terre Haute Malleable & Mfg. Corp., 
Ind 

Texas Foundries Inc., Tex 


United Shoe Machinery Corp., Mass 
U.S. Challenge & Challenge Co., III 
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Vulcan Rail & Construction Co., Ny 

West Virginia Malleable tron Co 
W.Va 

Westmoreland Malleable Iron Co. yy 


iron, Malleable 
Pearlitic 


(castings) 


Albion Malleable Iron Co., Mich 

Auto Specialties Mfg. Co., Mich 

Badger Malleable & Mfg. Co., Wis 

Belcher Malleable Iron Co., Mass 

Belle City Malleable Iron Co., Wis 

Cadillac Mallable Iron Co., Mich 

Canton Malleable Iron Co., Ohio 

Chain Beit Co., Wis 

Dalton Foundries, Inc., Ind 

Dayton Malleable Iron Co., 
Div., Ohio 

Eastern Malleable Iron Co., De! 

Erie Malleable Iron Co., Pa 

Federal Malleable Co., Wis 

General Motors Corp., Central Foundry 
Div., Mich 

I-F Mfg. Co., Ohio 

Jamestown Malleable Iron Corp., NY 

Laconia Malleable Iron Co., NH 

Lakeside Malleable Casting Co., Wis 

Lehigh Foundries Co., Div. of Lehig 
Inc., Pa 

Link-Belt Co., Iil 

Meadville Malleable Iron Co., Pa 

Moline Malleable Iron Co., III 

National Malleable & Steel Castings 
Co., Ohio 

Northern Malleable Iron Co., Minn 

Peoria Malleable Casting Co., Ill 

Pratt, William E. Mfg. Co., Ill 

St. Louis Malleable Casting Co., Mo 

Texas Foundries, Inc., Tex 

Wagner Malleable Iron Co., Iii 

Webster Mfg., Inc., Ohio 


G.H.R. 


iron, Nodular or 


Ductile 


(castings) 
Acme Foundry & Machine Co., Okla 
Advance Foundry Co., Ohio 
Alloy Precision Castings Co., Ohio 
Alten Foundry & Machine Works Inc., 
Ohio 


American Cast Iron Pipe Co., 
Ala 


Apex Foundry, Inc., Mich 

Atlantic Foundry Co., Ohio 

Bay City Foundry Co., Mich 

Beloit Foundry Co., Ill 

Black-Clawson Co., Ohio 

Bonnot Co., Ohio 

Campbell, Wyant & Cannon Foundry 
Co., Div. of Textron, Inc., Mich 

Chicago Hardware Foundry Co., Il! 

Crawford & Doherty Foundry Co., Ore 


Curtiss-Wright Corp., Metals 
Processing Div., NY 

Dayton Foundry, Calif 

Deuscher, H.P. Co., Ohio 

Ehrsam, J.B. & Sons Mfg. Co., Kan 

Electron Corp., Colo 

Grede Foundries, Inc., Wis 

Gunite Foundries Corp., Ill 

Hamilton Foundry & Machine Co., 0)i0 

Hodgson Foundry Co., Ill 

Howard Foundry Co., Ill 

International Nickel Co., Inc., NY 

Jamestown Malleable Iron Corp., NY 

Janney Cylinder Co., Pa 

Kutztown Foundry & Machine Corp., 
Pa 

Lincoln Foundry Corp., Calif 

Meehanite Metal Corp., NY 

Mercast Mfg. Corp., Calif 

Montague Machine Co., Mass 

Neenah Foundry Co., Wis 

Rosedale Foundry & Machine Co., Pa 

Ross-Meehan Foundries, Tenn 

Shenango Furnace Co., Centrifugally 
Cast Products Div., Ohio 

Sioux City Foundry & Boiler Co., Iowa 








Southern Car & Mfg. Co., Inc., Ala 
United Shoe Machinery Corp., Mass 


iron, Powders 


Alan Wood Steel Co., Pa 

Alloy Metal Powders, Inc., lowa 

Antara Chemicals Div., General Aniline 
& Film Corp., NY 

Belmont Smelting & Refining 
Works, Inc., NY 


Easton Metal Powder Co., 
American Mannex Corp., Pa 
Ekstrand & Tholand, NY 
Foote Mineral Co., Pa 
Hardy, Charles, Inc., NY 
Hoeganaes Sponge 
Corp., NJ 
—Ad p 342 
Johnson, A. & Co., Inc., NY 
Magnetic Powders, Inc., Pa 
Metal Hydrides, Inc., Mass 
National Moldite Co., NJ 
National-U.S. Radiator Corp., Plastic 
Metals Div., NY 
Norwalk Powdered Metals, Inc., Conn 
Pyron Corp., NY 
—Ad p 338 
Republic Steel Corp., Ohio 
Sorbo-Mat Process Engineers, 
Mo 


Steel Shot Producers, Inc., Pa 
Uniworld Research Corp. of America, 
Ohio 

Vanadium-Alloys Steel Co., Pa 


Div. of 


Iron 


Iron, Wrought 


Albert Pipe Supply Co., Inc., NY (ee) 

American Silver Co., NY (v,dd) 

Antara Chemicals Div., General Aniline 
& Film Corp., NY (aa) 

Byers, A.M., Pa (z) 

Cannon-Muskegon Corp., Mich (w) 

Dormont Mfg. Co., Pa (ee) 

Gary Steel Products Corp., Va (0,z,bb) 

Lockhart Iron & Steel Co., Pa (0,q) 

National Electric Products Corp., Pa 
(ee) 

Rathbone Corp., Mass (o,bb) 

Sharpsville Steel Fabricators, Inc., Pa 
(z,dd) 

Shaw-Kendall 
(ee) 

Titanium & Vacuum Metal Products 
Div., Crucible Steel Co. of America, 
Pa (0,q,z,bb,cc,dd, ff) 

Vulcan Rail & Construction Co., NY 
(o,dd,ee) 


Engineering Co., Ohio 


isocyanates 
(see Urethanes) 


Isoprene - Isobutyl- 


ene Rubber 


Adhesive Products Corp., NY (x) 

Armstrong Cork Co., Pa (bb,cc,dd) 

Atlas Mineral Products Co., Pa (cc) 

Automotive Rubber Co., Inc., Mich 
(cc,dd) 

Belko Corp., Md (y) 

Brown Rubber Co., Inc., Ind (u) 

Castle Rubber Co., Pa (y,bb,cc,dd,ee) 

Chicago-Allis Mfg. Corp., Allis Rubber 
Div., Ill (p) 

Continental Rubber Works, Pa (bb,cc, 
dd,ee) 

7 Rubber Co., Ohio (y,bb,cc,dd, 
ee 


Dryden Rubber Div., Sheller Mfg. 
Corp., Ill (y,ee) 

du Pont de Nemours, E.1. & Co., Inc., 
Del (cc) 

Electro Chemical Engineering & Mfg. 
Co., Pa (t,cc) 

Enjay Co., Inc., NY 
—Ad p 191 

Garlock Packing Co., NY 
(y,cc) 









Geauga Industries Co., Ohio (y,bb,dd) 
Goodrich, B.F. Chemical Co., Ohlo (p, 
x,y) 
Goshen 
ind 
(y) 

Hewitt-Robins, Inc., Conn (cc,ee) 

Insulation Mfrs. Corp., Ill (bb,cc,dd, 
ee) 

Maloney, F.H. Co., Tex (y) 

Martin Rubber Co., Inc., NJ (y,dd,ee) 

Mid-States Rubber Products, Inc., Ind 
(y,cc,dd) 

National Gasket & Washer Mfg. Co., 
Inc., NY (bb,cc,dd,ee) 
Naugatuck Chemical Div., U.S. Rubber 
Co., Conn (x,y) 
Parker Seal Dvv., 
Corp., Ohio (u) 
Parker, Stearns & Co., Inc., NY (y, 
bb,cc,dd,ee) 

Pawling Rubber Corp., NY (bb,dd,ee) 
Polymer Chemical Co., Ohio (x) 
Rand Rubber Co., NY (t,cc) 

Raybestos-Manhattan, _Inc., 
Products Div., Conn (x) 
Republic Rubber Div., Lee Rubber & 
Tire Corp., Ohio (p,y,ee) 

Rogers Corp., Conn (cc,dd) 

Roth Rubber Co., Ill (y,cc) 

Sheller Mfg. Corp., Mich (u) 
Standard Products Co., Mich (y) 
Stockwell Rubber Co., Inc., Pa (y, 
cc,dd) 

Technical Specialties Co., NY (dd) 
Thiokol Chemical Corp., NJ (p) 

U.S. Rubber Co., Kem-Blow 
Dept., Conn 
(uM—Ad p 216 

Vulcan Rubber Products Div., Reeves 
Bros. Inc., NY (p,y,cc) 

Vulcanized Rubber & Plastics Co., Pa 
(y) 

Western Felt Works, III 
(y,cc,dd,ee) 

Williams-Bowman Rubber Co., II! (y, 
bb,cc,dd,ee) 


Rubber Co., iInc., 


Parker-Hannifin 


Plastic 


Lacquers 
(see Organic Coatings) 


Laminates 


(see below; also Pre-Impregnated 
Materials) 


Laminates, High 


Pressure, Plastics 


or Rubber 


(sheet, rod or tube; 
laminates) 


Acme Specialties, Inc., Pa (k,I,m) 

= Resinous Products, Inc., Ohio 
k) 

American Agile Corp., Ohio (k) 

American Brakeblok Div., American 
Brake Shoe Co., Mich (k) 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(k,1) 

Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Ohio (1) 

Auburn Plastic Engineering, Ill (k) 

Baer, N.S. Co., NJ (1) 

— Plastic & Chemical Co., Mich 
1) 

Calfibe Co., Inc., Calif (1) 

Capac Industries, Inc., Mich (1) 

Castle Rubber Co., Pa (m) 

Coating Products, Inc., NJ 
()—Ad p 291 

Colonial Art Co., Inc., Mass (k) 

Conneaut Rubber and Plastics Co., 
Ohio (k,I,m) 

Connecticut Hard Rubber Co., Conn (m) 


Incl. clad 


Conolite Div., Continental Can Co., Del 


(1) 
Consoweld Corp., Wis (1) 








Continental Rubber Works, Pa (m) 

Continental-Diamond Fibre Corp., Del 
(k,1) 

Davidson Rubber Co., Mass (m) 

Davis, Joseph Plastics Co., NJ (k) 

Dryden Rubber Div., Sheller Mfg. 
Corp., Ill (m) 

Dumont Corp., Calif (k,1!,m) 

du Pont de Nemours, E.I. & Co., Inc., 
Del (1) 

Electro Chemical Engineering & Mfg. 
Co., Pa (k,m) 

Everlite Corp., Wash (1) 

Fabricon Products Div., Eagle-Picher 
Co., Mich (1) 

Farley & Loetscher Mfg. Co., Iowa (1) 

Formica Corp., Sub. of American Cy- 
anamid Co., Ohio (I) 

Gatke Corp., Ill (1) 

General Electric Co., Laminated Prod- 
ucts Dept., Ohio (i) 

General Plastics Corp., Ind (k) 

General Tire & Rubber Co., Ind (I) 

Goodrich, B.F. Industrial Products Co., 
Ohio (k) 

H & R Industries, Pa (k) 

Hartwell, H.N. & Son, Inc., Mass (k) 

Haskelite Mfg. Corp., Mich (1) 

Haveg Industries, Inc., Del (I) 

Home Rubber Co., NJ (m) 

Insulation Mfrs. Corp., Ill (k) 

Iten Fibre Co., Ohio (1) 

Kaykor Industries, Inc., Div. of Kaye- 
Tex Mfg. Corp., NJ (k) 

Kerr, R.W. Plastic Co., Neb (k,!) 

Lewis, J.P. Co., Plastic Products Div., 
NY (1) 

Luminous Resins, Inc., Ill (k) 

Maloney, F.H. Co., Tex (I) 

Marblette Corp., NY (I) 

Mechanical Rubber Products Co., NY 
() 


Mica Insulator Div., Minnesota Mining 
& Mfg. Co., NY (i) 

Micarta Div., Westinghouse Electric 
Corp., SC (I) 

Mico Corp., Calif (1) 

National Vulcanized 
Co., Del 
(1) 


Fibre 








New England Laminates Co., | 


inc., Conn 
())—Ad p 220 


Northern Plastics Corp., Wis (I) 

Panelyte Div., St. Regis Paper Co., 
NY (1) 

Penn Fibre & Specialty Co., Inc., Pa 
(1) 

Philrus Products Co., NJ (k,l) 

Porter, William Co., Calif (1) 

Prince Rubber Co., Inc., NY (k) 

Quaker Rubber Div., H.K. Porter Co., 
Pa (k,m) 

Reinhold Engineering & Plastics Co., 
Inc., Calif (I) 

Ren Plastics, Inc., Mich (1) 

Replac Corp., Ohio (k,!,m) 

Richardson Co., NY (1) 

Rogers Corp., Conn (I) 

Ryerson, Joseph T. & Son, Inc., Ill 
(1) 

Seiberling Rubber Co., Plastics Div., 
Ohio (k,m) 

Shamban, W.S. & Co., Ind (k) 

Spaulding Fibre Co., Inc., NY 
(1) 


Standard Insulation Co., NJ (1) 
Sun Steel Co., Ill (k) 
Swediow Plastics Co., Calif (k,!) 
Synthane Corp., Pa 

(i) 
Tayior Fibre Co., Pa 

() 


Thombert, Inc., Iowa (1) 

U.S. Gasket Plastics Div., Garlock 
Packing Co., NJ (k) 

U.S. Polymeric Chemicals, Inc., Conn 
(k) 

Vulcan Rubber Products Div., Reeves 
Bros. Inc., NY (m) 

Vulcanized Rubber & Plastics Co., Pa 
(m) 


Westlake Plastics Co., Pa (I) 











Laminates, Low 
Pressure, Plastics 
or Rubber 


(sheet, rod or tube; 
laminates) 


Acme Specialties, Inc., Pa (k,|,m) 
Allegheny Plastics, Inc., Pa (k) 
Allied Resinous Products, Inc., Ohio 

(k) 

Alsynite Co. of America, Calif (i) 

American Agile Corp., Ohio (k) 

American Insulator Corp., 
Pa 
() 

Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Ohio (m) 

Auburn Plastic Engineering, Ill (1) 

Baer, N.S. Co., NJ (I) 

Biggs, Carl H. Co., Inc., Calif (I) 

Blank, Arthur & Co., Inc., Mass (k) 

Cadillac Plastic & Chemical Co., Mich 
(k,1) 

Calfibe Co., Inc., Calif (I) 

Capac Industries, Inc., Mich (|) 

Carroll, J.B. Co., Ill (k) 

Castle Rubber Co., Pa (m) 

Clad-Rex Corp., Ill (k) 

Coating Products, Inc., NJ 
()—Ad p 291 

Connecticut Hard Rubber Co., 
(m) 

Consolidated Molded Prod- 
ucts Corp., Pa 
(1) 

Continental Can Co., NY (I) 

Continental Rubber Works, Pa (m) 

Continental-Diamond Fibre Corp., Del 
(k,1D 

Corite Products Inc., Ill (1) 

Corrulux Div., L.0.F. Glass Fibers Co., 
Tex (I) 

Dumont Corp., Calif (k,!,m) 

du Pont de Nemours, E.I. & Co., Inc., 
Del (I) 

Dura Plastics of New York, Inc., NY 
(k) 

Eljay Corp., Md (k,I) 

Emerson & Cuming, Inc., Mass (k,|,m) 

Everlite Corp., Wash (I) 

Fiber Glass Industries, Inc., NY (i) 

Filon Plastics Corp., Calif (1) 

Foss Mfg. Co., Plastics Div., Id (1) 

Frost Rubber Co., Il! (m) 

Fry Plastics Co., Calif (k) 

General American Transportation Corp., 
Itt () 

Gering Products, Inc., NJ (k) 

Glastic Corp., Ohio (I) 

Goodrich, B.F. Industrial Products Co., 
Ohio (k) 

Haskelite Mfg. Corp., Mich (1) 

Haveg Industries, Inc., Del (I) 

Hays Mfg. Co., Pa (I) 

Heil Process Equipment Corp., Ohio 
(D 

Home Rubber Co., NJ (m) 

Insulation Mfrs. Corp., Ill (k) 

Kaykor Industries, Inc., NJ (k) 

Kerr, R.W. Plastic Co., Neb (k,!) 

Koch, H. & Sons, Calif (1) 

Laminated Plas-Tex Corp., Ohio (k) 

Lamtex Industries, Inc., NY (m) 

Lun Laminates, Inc., NY (1) 

Mechanical Rubber Products Co., NY 
()) 

Mica Insulator Co., NY (I) 

Micarta Dlv., Westinghouse Electric 
Corp., SC (I) 

Mico Corp., Calif (1) 

Minnesota Mining & Mfg. 
Co., Reinforced Plastics 
Div,. Minn 
(I)—Ad pp 206-207 

Molded Fiber Glass Sheet 
Co., Ohio 
(1) 

National 
Co., Del 
(1) 

New England Laminates Co., 
inc., Conn. 

()—Ad p 220 


Incl. clad 


Conn 


Vulcanized Fiber 
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Penn Fibre & Specialty Co., Inc., 
Pa (i) 

Perry Plastics Inc., Pa (k,1) 

Philrus Products Co., NJ (k,1) 

Porter, William Co., Calif (I) 

Precision Paper Tube Co., Ill (I) 

Prince Rubber Co., Inc., NY (k,m) 

Rand Rubber Co., NY (k,!) 

Reinhold Engineering & Plastics Co., 
Inc., Calif (1) 

Ren Plastic, Inc., Mich (1) 

Replac Corp., Ohio (i,m) 

Resolite Corp., Pa (I) 

Rowland Products, Inc., Conn (k) 

Rubatex Div., Great American Indus- 
tries, Inc., Va (u) 

Rubber Corp. of America, NY (k) 

Russell Reinforced Plastics Corp., NY 
(1) 

Schori Process Div., Ferro-Co Corp., 
NY (1) 

Scranton 
Pa (k) 

Sealview Plastics, Inc., Pa (I) 

Sewell Mfg. Co., Mich (k) 

Shamban, W.S. & Co., Ind (k) 

Southern Plastics Co., SC (k) 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co., Ohio (k) 

Standard Insulation Co., NJ (1) 

Stockwell Rubber Co., Inc., Pa (k,m) 

Stone Paper Tube Co., Washington, DC 
(k) 

Strick Plastics Co., Pa (m,k,l) 

Swediow Plastics Co., Calif (k,!) 

U.S. Polymeric Chemicals, Inc., Conn 
(k) 

U.S. Rubber Co., NY (k) 

Urrite Plastics Fabricators, Calif (k) 

Vulcan Rubber Products Div., Reeves 
Bros. Inc., NY (m) 

Vulcanized Rubber & Plastics Co., Pa 
(m) 

Westlake Plastics Co., Pa (I) 

Woodal! Industries, Inc., Mich (k,l) 

Youngstown Sheet & Tube Co., Ohio 
(1) 

Zenith Plastics Co., Sub. of Minnesota 
Mining & Mfg. Co., Calif (I) 


Plastic Laminating Corp., 


Laminates, High or 
Low Pressure, 
Plastics or Rub- 
ber—Moldings 


(incl. clad laminates) 


Admiral Corp., Molded Products Div., 
In () 

Allied Resinous Products, Inc., Ohio 
(k) 

American Agile Corp., Ohio (k) 

American Brakeblok Div., American 
Brake Shoe Co., Mich (k) 


American insulator Corp., Pa 
(i) 

Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Ohio (1) 

Arrowhead Products, Calif (I,m) 





Suppliers of Materials 


Artmor Plastics Corp., Md (1) 
Baer, N.S. Co., NJ (1) 


Bassons Industries, Corp., NY (1) 


Cadillac Plastic & Chemical Co., Mich | 


(k,1) 


Calfibe Co., Inc., Calif (1) 


Camfield Fiberglass Plastics, Inc., Mich 


(1) 

Carroll, J.B. Co., Ili (k) 

Castle Rubber Co., Pa (m) 

Chemical Products Corp., RI (k) 

Colonial Art Co., Inc., Mass (k) 

Colonial Rubber Co., Ohio (k,m) 

Continental Rubber Works, Pa (m) 

Continental-Diamond Fibre Corp., Del 
(k,1) 

Corite Products, Inc., Ill (1) 

Dumont Corp., Calif (k,1,m) 

Eljay Corp., Md (1) 

Englander Co., Inc., Industrial Prod- 
ucts Div., Md (1) 

Fiber Glass Industries, Inc., NY (1) 

Formica Corp., Sub. of American Cy- 
anamid Co., Ohio (1) 

Foss Mfg. Co., Plastics Div., Id (I) 

Frost Rubber Co., Ill (m) 

Fry Plastics Co., Calif (1) 

Galigher Co., Utah (k) 

Gatke Corp., Ill (1) 

General American Transportation Corp., 
In () 

General Electric Co., Laminated & 
Insulating Products Dept., Ohio (i) 

General Tire & Rubber Co., Ind (k) 

Gering Products, Inc., NJ (k) 

Glass Reinforced Plastics Corp., Ohio 
(1) 

Glastic Corp., Ohio (I) 

H & R Industries, Pa (k) 

Haskelite Mfg. Corp., Mich (1) 

Haveg Industries, Inc., Del (1) 

Hays Mfg. Co., Pa (I) 

Hewitt Rubber Div., 
Inc., NY (m) 

Home Rubber Co., NJ (m) 

Insulation Mfrs. Corp., Ill (k) 

Kaykor Industries, Inc., Div. of Kaye- 
Tex Mfg. Corp., NJ (k) 

Kerr, R.W. Plastic Co., Neb (k,1) 

Knight, Maurice A., Ohio (i) 

Lamtex Industries, Inc., NY (k,!) 


Lone Star Plastics Co., Inc., 
Tex 
(1) 


Lunn Laminates, Inc., NY (k,|) 
Maloney, F.H. Co., Tex (i) 
Marblette Corp., NY (1) 

Mechanical Rubber Products Co., NY 
(1) 

Mica Insulator Div., Minnesota Mining 
& Mfg. Co., NY (1) 

Micarta Div., Westinghouse Electric 
Corp., SC (1) 

Minnesota Mining & Mfg. 
Co., Reinforced Plastics 
Div,. Minn 
(I)—Ad pp 206-207 

Molded Fiber Glass Co., Ohio 
()—Ad p 364 


Hewitt-Robins, 





National 
Co., Del 
(—Ad p 225 

New England Laminates Co., 
Inc., Conn 
()—Ad p 220 

Northwest Plastics Industries, 
Minn (1) 

Panelyte Div., St. Regis Paper Co., 
NY (1) 

Penn Fibre & Specialty Co., Inc., Pa 
(k) 

Plymouth Industrial Products, Inc., Wis 
(k) 

Porter, William Co., Calif (1) 

Quaker Rubber Div., H.K. Porter Co., 
Pa (I) 

Reinhold Engineering & Plastics Co., 
Inc., Calif (1) 

Ren Plastic, Inc., Mich (1) 

Replac Corp., Ohio (k,I,m) 

Resolite Corp., Pa (I) 

Richardson Co., Ill (i) 

Riverside Plastics Corp., NY (I) 

Russell Reinforced Plastics Corp., NY 
(1) 

Shamban, W.S. & Co., Ind (k) 

Sierra Electric Corp., Calif (k,1) 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co., Ohio (k) 

Spaulding Fibre Co., 
NY 
(I)X—Ad p 217 

Standard Insulation Co., NJ (I) 

Stockwell Rubber Co., Inc., Pa (k,m) 

Strick Plastics Co., Pa (k,I,m) 

Sun Rubber Co., Ohio (m) 

Swediow Plastics Corp., Calif (k,1) 

Synthane Corp., Pa 
()—Ad p 200 

Taylor Fibre Co., Pa 
()—Ad p 194 

Thompson, H.I. Fiber Glass Co., Calif 
(k) 

Toledo Industrial Rubber Co., (1) 

U.S. Polymeric Chemicals, Inc., Conn 
(k) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (m) 

Waterbury Cos., 
(1) 

Winner Mfg. Co., Inc., NJ (1) 

Wittman, Lawrence & Co., NY (1) 

Woodall Industries, Inc., Mich (k,!) 

Zenith Plastics Co., Sub. of Minnesota 
Mining & Mfg. Co., Calif (1) 


Vulcanized Fiber 


Inc., 


Inc., 


Inc., Conn 


Laminates, 
Metal-Metal 


(incl. “bimetals’’; key letters refer 
to base metal) 

Al-Fin Div., Fairchild Engine & Air- 
plane Corp., NY (a,e) 

Aimco Steel Products Corp., Ind (g) 

American Cast Iron Pipe Co., 
Ala 
(c,g) 

American Silver Co., Inc., NY (b,c,f,g) 





MATERIALS 


a—aAluminum and its alloys 
b—Copper and its alloys 


d—tLead and its alloys 


BASIC FORMS 
m—Anodes 


o—Bar 
polymers or gums 
p—Base resins, 


aq—Billets 





c—lron and its alloys (except steel) 


(incl. specialties) 
s—Fibers 
t—Film 
u—Foams (component 
materials or products) 


e—Magnesium and its alloys 
f—Nickel and its alloys 
g—Steels 

h—Titanium and its alloys 


w—Ingot 
resins 


z—Piate 


x—Laminating, casting 


y—Molding compounds 


j—Zinc and its alloys 
k—-Thermoplastics 
i—Thermosetting plastics 
m—Elastomers 


aa—Powder 
bb—Rod 
cc—Sheet 
dd—Strip 
ee—Tubing 
ff—Wire 
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IN 
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Baker & Co., Inc., NJ (b,f) 

Bridgeport Brass Co., Conn (bg) 

Chace, W.M. Co., Mich (a,b,c,e,f,g,h, }) 

Copperweld Steel Co., Ohio (g) 

Eastern Brass & Copper Co., NY (a) 

Eastern Smelting & Refining Corp. 
Mass (b) 

Gar Precision Parts, Inc., Conn (b,f) 

General Finding & Supply Co., Induys- 
trial Div., Mass (b,f) 

General Plate Div., Metals & Controis 
Corp., Mass (a,b,c,e,f,g,h,}) 

Improved Seamless Wire Co., RI (b 
c,f) 

Knapp Mills, Inc., NY (b,g) 

Laminated Shim Co., Conn 
(a,b,9) 

Leach & Garner Co., Industrial Diy., 
Mass (b,f) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (b,c,f,g) 

Mechanical Steel Tubing Corp., NY 
(a,g9) 

Revere Copper & Brass, Inc., Foil Div., 
NY (a) 

Ryerson, Joseph T. & Son, Inc., II/ 
(g) 

Standard Metals Corp., Mass (a,b,c,f, 
9) 

Staver Co., Inc., NY (a,b) 

Sylvania Electric Products, Inc., NY 
(b,f) 

Wilson, H.A. Co., NJ (b,f,9) 

Wisconsin Gasket & Mfg. Co., Ohio 
(b,g) 


’ 


Laminates, 
Metal-Organic 


(key letters refer to base metal) 


American Nickeloid Co., Ill (a,g) 

Arvin Industries, Inc., Ind (a,e,g) 

Benjamin Electric Mfg. Co., Ill (9) 

Clad-Rex Corp., Colo (a,g) 

Coated Coil Corp., NY (a,g) 

Cochran Foil Co., Ky (a) 

Dumont Corp., Calif (a) 

Enamel Products Co., Ohio (a,c) 

Enamelstrip Corp., Sub. of National 
Steel Corp., Pa (a,b,c,f,9,j) 

Gomar Mfg. Co., Inc., NJ (a) 

Hood Rubber Co., Div. of B.F. Good- 
rich Chemical Co., Mass (a,9) 

Kaiser Aluminum & Chemical 
Sales Inc., i! 
(a) 

Maloney, F.H. Co., Tex (9) 

Mechanical Steel Tubing Corp., NY 
(a,9) 

Met-L-Wood Corp., Il! (a,b,d,f,g) 

O'Sullivan Rubber Corp., Va (a,b,e,9) 

Sun Steel Co., Ill (a,9) 

U.S. Steel Corp., Irvin Works, Pa (g) 

Young, M.M. Div., Litho-Strip Corp., 
Ill (a,9) 


Laminates, 
Wood-Metal 


Haskelite Mfg. Corp., Mich 
Keller Products, Inc., NH 
Laminated Veneers Co., NY 
Met-L-Wood Corp., Ill 
U.S. Plywood Corp., NY 


Laminating Resins 


(see specific plastic or rubber) 


Lead and Its Alloys 


A & A Die Casting Co., Calif (q) 
Advance Stamping Co., Mich (dd) 
Alpha Metals, Inc., NJ (n,0,v,w,2,4a, 
bb,cc,dd) 
American Metal Climax, Inc., 
NY 
(n,0,w,aa,bd) 

















american Nickel Alloy Mfg. Corp., NY 


w) 
American Sheet Metal Works, Inc., 
Conn (cc) 


american Smelting & Refining Co., NY 
(n,0,q,¥,W,2,aa,bb,cc,dd,ee, ff) 

Bar-Ray Products, NY (v,z,cc) 

Bearium Metals Corp., NY (w) 


Belmont Smelting & Refining 
Works, Inc., NY 
(n,o,v,w,z,aa,cc,ff)—Ad p 130 

Bunker Hill Co., Calif (n,o,w,z,bb,cc, 
dd,ee, ff) 

Cerro de Pasco Sales Corp., 
NY 
(w) 

Chicago Smelting & Refining Corp., Ill 
(w) 

Crown Metal Co., Wis (n,0,q,w,bb,cc, 
dd,ee, ff) 

Designers Metal Corp., Ill (cc) 

Dietzel Lead Burning Co., Pa (n,o,z,cc) 

Division Lead Co., Ill (n,0,v,w,z,cc, 
dd,ee, ff) 

Dixie Lead Co., Tex (n,0,q,w,aa,cc) 

Eagle-Picher Co., Ohio (aa) 

Empire Metal Co., NY {n,0,0,v,w,2, 
bb,cc,dd,ee, ff) 

Evans Metal Co., Ga (w,cc,ee) 

Fox Products Co., Pa (n) 

General Plate Div., Metals & Controls 
Corp., Mass (dd) 


Glidden Co., Chemicals-Pig- 
ments-Metals Div., Md 
(aad—Ad p 347 


Goldsmith Bros. Smelting & Refining 
Co., Ill (0,q,w) 

Greenback Industries, Inc., Mich (aa) 

Hardy, Charles, Inc., NY (aa) 

Harsnaw Chemical Co., Ohio (n) 

Hayden Wire Works, Inc., Mass (ff) 

Hayman, Michael & Co., NY (o,w) 

Heil Process Equipment Corp., Ohio 
(n) 

Hi-Grade Alloy Corp., Ill (n,0,v,w,z, 


bb,cc,ee, ff) 
Hudson Smelting & Refining Co., NJ 
\w) 


indium Corp. of America, NY 
(v,cc,dd, ff) 

Johnston Foil Mfg. Co., Mo (v,cc) 

Kinkead Industries, Inc., Ili (cc,dd) 

Kirk, Morris P. & Son, Calif (n,o,q,w, 
z,aa,b0,cc,dd) 

Lavin, R. & Sons, Inc., Lil (n,w) 
icGean Chemical Co., Ohio (n,o,bb, 
dd) 

Metal & Thermit Corp., NJ (n) 

Metallizing Co. of Los Angeles, Inc., 


(fF) 

Metais Disintegrating Co., Inc., NJ 
(aa) 

National Lead Co., NY (n,0,q,w,z, 
aa,bb,cc,dd,ee, ff) 


National Lead Construction Co., Inc., 
NJ (n,0,w,z,cc,ee, ff) 

Nesor Alloy Products Co., NJ (ff) 

New England Smeiting Works, Inc., 
Mass (0,w) 

Oatey, L.R. Co., Ohio (o,w,cc,dd) 

Olds Alloy Co., Caiif (q,w) 

Peerless Alloy Co., Colo (n,0,q,w,z, 
bb,cc) 

Peerless Roll Leaf Co., Inc., NJ (v,dd) 

Pittsburgh Smelting & Refining Co., 
Pa (o,w,cc) 

Republic Lead Equipment Co., Ohio (n) 

Republic Metals Co., Inc., NY (n,0,q, 
v,W,Z,CC,ee, ff) 

Revere Copper & Brass, Inc., Foil Div., 
NY (v) 

“— & Refining Co., Ohio 
0, 

Rotometals, Calif (o,w,bb,cc,dd,ee, ff) 

St. Joseph Lead Co., NY (w) 

Sall, George Metals Co., Inc., Pa (w) 

Staver Co., Inc., NY (v,cc,dd) 

Stevens, Frederic B., Inc., Mich (n) 

Udylite Corp., Mich (n) 

U.S. Smelting, Refining & Mining Co., 
NY (w) 

U.S. Stoneware Co., Ohio (n) 

Waltham Foundry Co., Mass (w) 








Leather and 
Leather Parts 


Alexander Bros. Belting Co., NJ 

Alexander, E.P. & Son, Pa 

Auburn Mfg. Co., Conn 

Bond, Charles Co., Pa 

Charlotte Leather Belting Co., NC 

Chicago Rawhide Mfg. Co., 
TT 
—Ad pp 187-88 

Chicago-Allis Mfg. Corp., Allis Rubber 
Div., Ill 

Donovan, F.C., Inc., Mass 

Excelsior Leather Washer 
Inc., Ill 

Foss Mfg. Co., Plastics Div., Id 

Garlock Packing Co., NY 

General Gasket, Inc., Conn 

Gibb, Walton Leather Co., Pa 

Glenn, Joseph & Sons, Inc., Pa 

Graton & Knight Co., Inc., Mass 

Haffner Bros. Co., Ohio 

Hay, James E. Leather Co., Mass 

Houghton, E.F. & Co., Pa 

International Packings Corp., 

Mechanical Leathers, Inc., Pa 

Michigan Leather Products Co., Mich 

National Gasket & Washer Mfg. Co., 
Inc., NY 

Norwich Leather Co., Conn 

Page Belting Co., NH 

Penn Fibre & Specialty Co., Inc., Pa 

Porter, William Co., Calif 

Rees’ Sons, Hans, NY 

Rhoads, J.E. & Sons, Del 

Schachner Leather & Belting Co., NC 

Shingle Leather Co., NJ 

Southern Belting & Transmission Co., 
Ga 

Special Leathers Co., Pa 

Standard Washer & Mat, Inc., Conn 

Staver Co., Inc., NY 

Truche Leather Co., Mass 

Warren Belting Co., Mass 

Winworth Co., Inc., NJ 


Mfg. Co., 


NH 


Lignum Vitae 


(see Wood) 


Lithium 

American Potash & Chemical 
Calif (w) 

Belmont Smelting & Refining 
Works, Inc., NY 
(0,aa) 

Foote Mineral Co., Pa (w) 

Hardy, Charles, Inc., NY (aa) 

Lithium Corp. of America, 
Inc., Minn 
(w,bb, ff)—Ad p 124 


Corp., 


Low Pressure 


Laminates 
(see Laminates) 


Magnesium and Its 
Alloys 


Aluminium Ltd. Sales, Inc., NY (w) 

Aluminum Co. of America, Pa (n,0, 
q,2,bb,cc,dd) 

Aluminum & Magnesium, Inc., Ohio 
(w) 

American Silver Co., NY (v,dd) 

American Smelting & Refining Co., NY 
(n,w) 

Apex Smelting Co., Ili (n,w) 

Armet Alloys, Inc., Ohio (n,w) 

Belmont Smelting & Refining 
Works, Inc., NY 
(wX—Ad p 130 

Brooks & Perkins, Inc., Mich 
(z,cc,dd)—Ad p 362 

Copper & Brass Sales, Inc., Mich (o, 
z,bb,cc,dd,ee, ff) 

Dahlin, C.A. Co., Ill (cc) 

Designers Metal Corp., Ill (cc) 











Dow Chemical Co., Magnesium Div., 
Mich (n,0,q,w,z,aa,bb,cc,dd,ee, ff) 

Hardy, Charles, Inc., NY (aa) 

King Laboratories, Inc., NY (w,aa) 

Kinkead Industries, Inc., Ill (cc,dd) 

Light Metals, Inc., Ind (n) 

Magline, Inc., Mich (0,z,bb,cc,ee, ff) 

Magna Mfg. Co., Inc., NJ (aa) 

Magnesium Elektron, Inc., NY (n,w) 

Magnode Products, Inc., Ohio (n,o,bb, 
dd,ee) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (0,ee) 

McGean Chemical Co., Ohio (aa) 

Niagara Falls Smelting & Refining 
Div., Continental Copper & Steel 
Industries, Inc., NY (v,w) 

Norrich Plastics Corp., NY (o0,bb) 

Peerless Roll Leaf Co., Inc., NJ (v,dd) 

Reade Mfg. Co., Inc., NJ (aa) 

Standard Magnesium Corp., Okla (n,q, 
w) 

Tube Distributors Co., Inc., NY (ee) 

Ulimann, Inc., Wis (0,ee) 

U.S. Magnesium Co., NY (aa) 

Utical General Jobbing Foundry, Inc., 
NY (0) 

Waltham Foundry Co., Mass (w) 

White Metal Rolling & Stamping Co., 
NY (n,0,q,z,bb,cc,dd,ee, ff) 


Manganese and its 
Alloys 


Amalgamated Steel Corp., Ohio (0,bb) 

American Nickel Alloy Mfg. Corp., NY 
(w) 

Belmont Smelting & Refining 
Works, inc., NY 
(w,aa) 

Chicago Development Corp., Md (o,v, 
z,bb,cc,dd,ee, ff) 

Dahlin, C.A. Co., Ili (cc) 

Electro Metallurgical Co., Div. of Un- 
ion Carbide Corp., NY (aa) 

Foote Mineral Co., Pa (aa) 

Hardy, Charles, Inc., NY (aa) 

Hayden Wire Works, Inc., Mass (ff) 

Hommel, 0. Co., Pa (aa) 

Lavin, R. & Sons, Inc., Ill (w) 

McGean Chemical Co., Ohio (aa) 

Metals Disintegrating Co., Inc., 
(aa) 

National Paint & Manganese Co., Va 
(aa) 

National-U.S. Radiator Corp., Plastic 
Metals Div., NY (aa) 

New Jersey Zinc Co., NY 
(w) 

Niagara Falls Smelting & Refining 
Div., Continental Copper & Steel 
Industries, Inc., NY (v,w) 

Pioneer Aluminum, Inc., Calif (z) 

Reade Mfg. Co., Inc., NJ (aa) 

Tube Distributors Co., Inc., NY (ee) 

Utica General Jobbing Foundry, Inc., 
NY (aa) 

Vanadium Corp. 
NY 
(w) 


NJ 


of America, 


Manganese Bronze 
(see Copper) 


Mechanical 


Fasteners 


Abalon Precision Mfg. Corp., NY 

Acme Machine Products Div., Serrick 
Corp., Ind 

Acme Stamping & Mfg. Co., Pa 

Albany Products Co., Inc., Conn 

Allmetal Screw Products Co., Inc., NY 

American Screw Co., Conn 

American Sheet Metal Works, Inc., 
Conn 

Anti-Corrosive Metal 
Inc., NY 

Atlantic Steel Co., Ga 

Automatic Nut Co., Pa 


Products Co., 











Automotive Rubber Co., Inc., Mich 

Aviation Developments, Inc., Calif 

Boots Aircraft Nut Corp., Conn 

Buffalo Bolt Div., Buffalo-Eclipse 
Corp., NY 

C. E. M. Co., Conn 

Camioc Fastener Corp., NJ 

Central Screw Co., Iil 


Champion Rivet Co., Ohio 
—Ad p 398 

Chicago Rivet & Machine Co., Ill 

Chicago Screw Co., Div. of Standard 
Screw Co., Iil 

Cleveland Cap Screw Co., Ohio 

Consolidated Fruit Jar Co., NJ 

Continental Screw Co., Mass 

Dimco-Gray Co., Ohio 

Driv-Lok Sales Corp., Ill 

Elastic Stop Nut Corp. 
NJ 

Electric Steel Foundry Co., Ore 

Erie Bolt & Nut Co., Pa 

Falstrom Co., NJ 


Gries Reproducer Corp., 
—Ad pp 338, 402 

Grip Nut Co., Ind 

Groov-Pin Corp., NJ 

Hartford Machine Screw Co., Div. of 
Standard Screw Co., Conn 


Hassall, John, Inc., 
—Ad p 401 

Heli-Coil Corp., Conn 

Hi-Shear Rivet Tool Co., Calif 

Huck Mfg. Co., Mich 

Ideal Can Co., Mass 

Jaques Co., Mass 

Kinkead Industries, Inc., Ill 

Klincher Locknut Corp., Ind 

Langsenkamp, F.H. Co., Ind 

Lincoln Iron Works, Vt 

Lundquist Tool & Mfg. Co., Inc., Mass 

Magnesium Co. of America, Ind 

Magnesium Products of Milwaukee, 
Inc., Wis 

Metal Goods Corp., Mo 

National Lock Co., Fastener Div., III 

National Machine Products Co., Mich 

Nelson Stud Welding Div., Gregory 
Industries, Inc., Ohio 

Nutt-Shel Co., Calif 

Ohio Nut & Bolt Co., Ohio 

Painut Co., NJ 

Parker-Kalon Div., General 
Transportation Corp., NJ 

Plastiglide Mfg. Corp., Calif 

Red Devil Mfg. Co., Ill 

Reynolds Aiuminum Supply Co., Ga 


Rhode Island Tool Co., RI 

Rolled Alloys, Inc., Mich 

Rotor Clip Co., NY 

Russell, Burdsail & Ward Bolt & Nut 
Co., NY 

Set Screw & Mfg. Co., Ill 

Shakeproof Div., Illinois Tool Works, 
Ill 

Shur-Lok Corp., Calif 

Simmons Fastener Corp., NY 
—Ad pp 396-7 

Simonsen Metal Products Co., Ill 

Snyder Mfg. Co., Inc., Ohio 

Southco Div., South Chester Corp., Pa 

Southern Screw Co., NC 

Standard Locknut & Lockwasher, Inc., 
Ind 

Standard Pressed Steel Co., Pa 

Star Expansion Industries Corp., NY 

Thompson-Bremer & Co., Ill 

Thomson, Judson L. Mfg. Co., Mass 

Tinnerman Products, Inc., Ohio 

Tor*ington Co., Conn 

Townsend Co., Pa 

United Shoe Machinery Corp., 

United-Carr Fastener Corp., Mass 

Waldes Kohinoor, Inc., NY 

Waterbury Pressed Metal Co., Conn 

Waterman Industries, Inc., Calif 

Weckesser Co., Ill 

Wesbar Stamping Corp., Wis 

Western Automatic Machine Screw 
Co., Div. of Standard Screw Co., 
Ohio 

Whitehead Metal Products Co., Inc., 
NY 

Worth Co., Wis 


of America, 


NY 


NY 


American 


Mass 
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Melamines 


Adhesive Products Corp., NY (x) 

Allied Chemical Corp., Plastics & Coal 
Chemicals Div., NY (y) 

American Cyanamid Co., Plastics & 
Resins Div., NY (p,x,y) 

Baer, N.S. Co., NJ (bb,cc,dd,ee) 

Cadillac Plastic & Chemical Co., Mich 
(bb,cc,dd,ee) 

Catalin Corp. of America, NY (p,x) 

Colonial Kolonite Co., Ill (bb,cc,ee) 

Consoweld Corp., Wis (cc) 

Continental-Diamond Fibre Corp., Del 
(bb,cc,dd,ee) 

Dapol Plastics, Inc., Mass (y) 

Farley & Loetscher Mfg. Co., Plastics 
Div., Iowa (cc) 

Fiberite Corp., Minn (y) 

Formica Corp., Sub. of American Cy- 
anamid Co., Ohio (bb,cc,ee) 

General Electric Co., Laminated Prod- 
ucts Dept., Ohio (bb,cc,ee) 

Haskelite Mfg. Corp., Mich (cc,dd) 

Iten Fibre Co., Ohio (bb,cc,dd,ee) 

Kurz Kasch, Inc., Ohio (y) 

Laminated Plastex Corp., Ohio (x,cc) 

Loven Chemical of California, Calif 
(p,y) 

Mica Insulator Div., Minnesota Mining 
& Mfg. Co., NY (bb,cc) 

Monsanto Chemical Co., Plastics Div., 
Mass (p,x,y) 

Muehistein, H. & Co., Inc., NY (p,y) 


National Vulcanized Fibre 
Co., Del 
(bb,cc,dd,ee) 
Northern Plastics Corp., Wis (cc,dd) 
Omni Products Corp., NY (y) 
Panelyte Div., St. Regis Paper Co., NY 
(x,bb,cc,dd,ee) 
Penn Fibre & Specialty Co., Inc., 
Pa (bb,cc,dd,ee) 
Philrus Products Co., NJ (bb,cc,dd,ee) 
Reichhold Chemical, Inc., NY (p,x) 
Richardson Co., NY (bb,cc,ee) 
Robot Devices, Inc., Va (u) 


Spaulding Fibre Co., Inc., NY 
(bb,cc,dd,ee) 

Synthane Corp., Pa 
(bb,cc,dd,ee) 

Taylor Fibre Co., Pa 
(bb,cc,dd,ee) 

Texas Glass Fiber Corp., Tex (y) 

U.S. Polymeric Chemical, Inc., Conn 
(s) 

Westlake Plastics Co., Pa (bb,cc,dd,ee) 


Metal Powder 
Parts 


(Metal Compacts) 
Allied Products Corp., Mich (c) 


Aluminum Co. of America, Pa 
(a) 

— Brake Shoe Co., NY (a,b,c, 
9,) 

American Nickel Alloy Mfg. Corp., NY 
(f) 

ican Powdered Metals, Inc., Conn 
b,c,f) 

American Sinteel Corp., NY (b,c,d,g) 

American Sinterings Div., Engineered 
Plastics, Inc., Conn (b,c,f,g,j) 

— Div., Chrysler Corp., Mich (b, 
¢,f,9) 

Arnold Engineering Co., Il! (c,f) 

Arrow Sintered Products Co., Il! (b, 
c,9) 

Asco Sintering Corp., Calif (a,b,c,d,f,9) 

Atlas Brass Foundry, Calif (b,c) 

Bassick Co., Conn (a,b,c,f,g) 

Bendix Aviation Corp., NJ (a,b,c,f,9) 

Boston Gear Works, Mass (a,b,c,f,g) 

Bound Brook Oil-Less Bearing Co., NJ 
(b,c,f) 

Brockway Pressed Metals, Inc., Pa (a, 
b,c,f,g) 


| 





Suppliers of Materials 


Bunting Brass & Bronze Co., Ohio 
(b,c) 

Burgess-Norton Mfg. Co., Ill (a,b,c,f, 
9) 

Ceromet, Inc., Calif (b,c,f,g) 

Chicago Powdered Metals Products Co., 
Il! (a,b,c,f,g) 

Cleveland Graphite Bronze Co., Ohio 
(a,b,c, f,g) 

Compacted Metals Corp., Ill (b,c) 

Diamond Mfg. Co., Pa (a,b,f,g) 

Dixon Sintaloy, Inc., Conn (b,c,f,g,h,j) 

Eaton Mfg. Co., Powdered Metals Div., 
Mich (b,c,d,f,9,J) 

Eberhart Steel Products, Powdered Me- 
tals Div., Ind (b,c) 

Engineered Plastics & American Sin- 
terings, Inc., Conn (b,c,f,9) 

Ferro Powdered Metals, Ind (b,c,f,g) 

General Metals Powder Co., Ohio (b, 
c,d,J) 

General Motors Corp., Moraine Prod- 
ucts Div., Ohio (a,b,c,f,g) 

General Powdered Metal Products, 
Inc., Holly Corp., Conn (a,b,c,f,g) 

General Sintering Corp., Il! (a,b,c,f,g) 

Gibson Electric Co., Pa (a,b,c,f) 

Haller, Inc., Mich (b,c,g) 

Indar Corp., Ind (a,b,c,f,g) 

Indiana Steel Products Co., Ind (a, 
b,c,f,9) 

International Powder Metallurgy Co., 
Inc., Pa (a,b,c,d,f,9,j) 

Jet Components, Inc., Calif (b,c) 

Johnson Bronze, Pa (b,c) 

Keystone Carbon Co., Pa (a,b,c,f,g,h) 

Kwikset Powdered Metal Products, 
Calif (b,c,d,f,g) 

Lux Clock Mfg. Co., Inc., Conn (a, 
b,c,f,g) 

Magnetic Core Corp., NY {c) 

Mallory, P.R. & Co., Inc., Ind (g) 

Merriman Bros., Inc., Mass (b,c,f,g) 

Michigan Powdered Metal Products 
Co., Mich (a,b,c,f,g) 

Micro Metallic Corp., NY (a,b,c,f,g) 

Micro-Metals Co., Calif (a,b,c,e,f) 

Midwest Sintered Products Corp., Ill 
(b,c) 
Mueller Brass Co., Mich 
(a,b,c,f,g)—Ad p 357 
National Molded Products, 
(a,b,c,f,9) 

National Moldite Co., NJ (c) 

Norwalk Powdered Metals, Inc., Conn 
(b,c,f,9,)) 

Pacific Sintered Metals Co., Calif (b, 
c) 


Parker White Metal Co., 
(b,c, f,9) 

Picco, Inc., Calif (c) 

Powder Metals Products Co., Pa (a, 
b,c,f,9) 

Powdercraft Corp., SC (a,b,c,f,g) 

Precision Metal Products Co., Pa (b,c) 

Presmet Corp., Mass (b,c,f,9,j) 

Pure Carbon Co., Inc., Pa (c) 

Raybestos Div., Raybestos-Manhattan, 
Inc., Conn (a,b,c,e,f) 

Reese Metal Products Corp., Pa (b,c,g) 

Republic Steel Corp., Ohio 
(c) 

Russell Mfg. Co., Conn (b) 

St. Marys Carbon Co., Pa (b,c,f) 

Development Corp., NY 
(a,b,c,e,f) 

Sintercast Corp. of America, NY (a, 
b,c,f,g) 

Sintered Metals, Inc., Mass (b,c) 

Sparta Foundry Div., Muskegon Piston 
Ring Co., Mich (c) 

Star Heel Plate Co., Inc., NJ (c) 

Superior Carbon Products, Inc., Ohio 
(b,c,f,g) 

Supermet Div., Globe 
dustries, Inc., Ohio 
(c,g)—Ad p 354 

United Sintered Alloys, NY (a,b,c,f,g) 

U.S. Graphite Co., Div. of Wickes 
Corp., Mich (b,c,d,f,9,j) 


Inc., Pa 


Pa 





Uniworld Research Corp. of America, 
Ohio (c) 

Veremere, E.A., Inc., Calif (a,b,c,f,g) 

Wakefield Bearing Corp., Mass (b,c, 
f,9,h,)) 

Wellman, S.K. Co., Ohio (b,c) 

Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa (a,b,c,f,g,h) 

Yale & Towne Mfg. Co., Powdered 
Metal Products Div., Ill (b,c) 


Metallic Coatings 


(see Diffusion Coatings; Immersion 
Coatings; Galvanizers; Electroplaters; 
Hard Facing Alloys; Preplated Me- 
tals; Metallized Coatings) 


Metallized Coat- 
ings—Spray 
Metallizers 


Alloy Products Corp., 

Applied Instruments, Inc., NY 

Bisonite Co., Inc., NY 

Continental Boiler & Sheet Iron Works, 
Mo 

Farwell Metal Fabricating, Minn 

Firth Sterling, Inc., Pa 

Flood City Brass & Electric Co., Pa 

Hayden Wire Works, Inc., Mass 

Haynes Stellite Co., Div. of Union 
Carbide Corp., Ind 

Jema Chemical & Supply Co., NJ 

Linde Co., Div. of Union Car- 
bide Corp., NY 

McGregor-Michigan Corp., Mich 

Metal-Cladding, Inc., NY 

Metallizing Co. of America, Ill 

Metallizing Co. of Los Angeles, Inc., 
Calif 

Metallizing Engineering Co., 
Inc., NY 
—Ad p 128 

Metalweld, Inc., Pa 

Moore Dry Dock Co., Calif 

New Jersey Zinc Co., NY 

Parker White Metal Co., 
—Ad p 333 

Philadelphia Enameling Works, 
Pa 

Sandy Hill Iron & Brass Works, NY 

Schori Process Div., Ferro-Co Corp., 
NY 

Schwartz Chemical Co., Inc., NY 

Southern Galvanizing Co., Md 

Superior Plating, Inc., Minn 

Tickle, Arthur Engineering 
Works, Inc., NY 
—Ad p 290 

Wall Colmonoy Corp., Stain- 
less Process Div., Mich 

Waterbury Cos., Inc., Conn 

Zeller Corp., Ohio 


Wis 


Inc., 


Metallized Coat- 
ings—Vacuum 


Metallizers 


Adams Plastic Products, Ohio 

American Metal Climax, iInc., 
NY 

Amos Molded Plastics Div., Amos- 
Thompson Corp., Ind 

Applied Instruments, Inc., NY 

Bee Chemical Co., Hi 

Closures, Inc., Conn 

Coating Products, Inc., NJ 
—Ad p 291 

Cohan Epner Co., Inc., NY 

Cruver Mfg. Co., Ill 

Davis Products Corp., NY 

Dollin Corp., NJ 

Electric Auto-Lite Co., Ohio 





Letters in ( ) indicate materials and forms—turn page for key 
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Erie Resistor Corp., Plastics Div., Pa 

Eyelet Specialty Div., Internationa) 
Silver Co., Conn 

Gomar Mfg. Co., Inc., NJ 

Hastings & Co., Inc., Pa 

High Vacuum Equipment Corp., Mass 

International Optical Co., Inc., NY 

Jema Chemical & Supply Co., NJ 

Kinney Mfg. Div., N.Y. Air Brake Co 
Mass 

Metallizing Co. of America, II! 

Metaplast Process, Inc., NY 

Rochester Div., Consolidated Electro- 
dynamics Corp., NY 

Schwartz Chemical Co., Inc., NY 

Shelby Instrument Co., Calif 

Superior Plastics, Inc., Ill 

Swediow Plastics Co., Calif 

Sylvania Electric Products, Inc., Ny 


Metallized Coat- 
ings—Metallizing 
Wire 


Acco Steel Casting Div., American 
Chain & Cable Co., Inc., Pa 

Alloy Metal Wire Co., Inc., Pa 

Alphaloy Corp., Div. of Alpha Metals, 
Inc., Ill 

Armco Steel Corp., Ohio 

Belmont Smelting & Refining 
Works, Inc., NY 

Colonial Alloys Co., Pa 

Crucible Steel Co. of America, Pa 

Division Lead Co., Ill 

Hayden Wire Works, Inc., Mass 

Jones & Laughlin Steel 
Corp., Stainless Steel Div., 
Mich 

Marlane Development Co., Inc., NY 

Metal Goods Corp., Mo 

Metallizing Co. of America, II! 

Metallizing Co. of Los Angeles, Inc., 
Calif 

Metallizing Engineering Co., 
inc., NY 

Page Steel & Wire Div., American 
Chain & Cable Co., Inc., Pa 

Roebling’s, John A. Sons Corp., NJ 

Rotometals, Calif 

Uniworld Research Corp. of America, 
Ohio 

Vanadium-Alloys Steel Co., Pa 

Vandersee Corp., NJ 

White Metal Rolling & Stamping Corp., 
NY 


Methyl 
Methacrylate 


(see Acrylic Plastics) 


Mica 


Asheville-Schoonmaker Mica Co., Va 
(r,z,aa,cc,ee) 

Beryl Ores Co., Colo (z,aa,cc) 

Concord Mica Corp., NH (aa) 

Continental-Diamond Fibre Corp., De! 
(r,z,cc,ee) 

Edgar Plastic Kaolin Co., 

Farnam Mfg. Co., NC (r) 

Foote Mineral Co., Pa (aa) 

Franklin Mineral Products Co., NC 
(aa) 

Funkhouser Co., Md (aa) 

General Electric Co., NY (r) 

Hayden Mica Co., Inc., Mass (aa) 

Industrial Mica Corp., NJ (f,cc) 

Insulation Mfrs. Corp., Ill (r,cc,ee) 

Mica Fabricating Co., NJ (r,aa,cc) 

Mica Insulator Div., Minnesota Mining 
& Mfg. Co., NY (2,cc,ee) 

Micacraft Products, Inc., NJ (r,cc) 

Mycalex Corp. of America, NJ (r,z,22, 
bb,cc,dd) 

Richmond Mica Corp., Va (aa) 

Smith Chemical & Color Co., Inc., NY 
(aa) 

Sylvania Electric Products, 
Inc., Parts Div., Pa 
(r) 


Fla (aa) 











Synthetic Mica Co., Div. of Mycalex 
Corp. of America, NJ (aa) 
U.S. Mica Co., Inc., Ill (r) 


Mineral Wool 


(see Inorganic Fibers) 


Molding 


Compounds 
(see specific plastic or rubber) 


Moldings, Blow 


American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(1) 

Brown Rubber Co., Inc., Ind (m) 

Cadillac Plastic & Chemical Co., Mich 
(k) 

Continental Can Co., Inc., NY (k) 

CrystalX Corp., Pa (k) 

Davis, Joseph Plastics Co., NJ (k) 

Foster Grant Co., Mass (k) 

General Plastics Corp., Ohio (k) 

General Plastics Mfg. Co., Wash (k,m) 

Hohwieler Rubber Co., Inc., Pa (m) 

Johnson Rubber Co., Ohio (m) 

Lee Rubber & Tire Corp., Pa (m) 

Luzerne Rubber Co., NJ (1) 

Nalge Co., Inc., NY (k) 

Newth Rubber Co., RI (m) 

Plax Corp., Conn (k) 

Rogers Corp., Conn (m) 

Schwab Plastic Corp., Mich (k,m) 

Seamless Rubber Co., Conn (m) 

Sheller Mfg. Corp., Mich (i,m) 

Shoe Form Co., Inc., NY (k) 

Stockwell Rubber Co., Inc., Pa (m) 

Stokes Molded Products Div., Electric 
Storage Battery Co., NJ (I) 

Sun Rubber Co., Ohio (m) 

Swediow Plastics Co., Calif (k,1) 

Universal Unlimited, Inc., NY (k) 

Western Felt Works, Il! 
(I,m) 

Westlake Plastics Co., Pa (k) 

Whyte Mfg. Co., Inc., NY (k,m) 


Moldings, Cold 


Achushnet Process Co., Mass 
(m)—Ad p 220 
American Hard Rubber Co., 


Div. of Amerace Corp., NJ 
(1) 


American insulator Corp., Pa 
()—Ad p 358 

Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Ohio (I) 

Biggs, Carl H. Co., Inc., Calif (1) 

Calfibe, Co., Inc., Calif (I) 

Ceilcote Co., Ohio (I) 

Dryden Rubber Div., Sheller Mfg. Co., 
lit (m) 

Dumont Corp., Calif (1) 

Enflo Corp., NJ (1) 

Foss Mfg. Co., Plastics Div., Id (1) 

Garfield Mfg. Co., NJ (I) 

Halex Corp., Mich (k) 

Heil Process Equipment Corp., Ohio (1) 

Hohwieler Rubber Co., Inc., Pa (m) 

Marblette Corp., NY (1) 

Raybestos Div., Raybestos-Manhattan, 
Inc., Conn (1) 

Rostone Corp., Ind (I) 

Seamless Rubber Co., Conn (m) 

—_ oe Div., Ferro-Co Corp., 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co., Ohio (k) 

U.S. Gasket Plastics Div., Garlock 
Packing Co., NJ (1) 


Moldings, Com- 


Acadia Synthetic Products Div., Wes- 
tern Felt Works, Ill (m) 





Acushnet Process Co., 
—Ad p 220 

Admiral Corp., Molded Products Div., 
Til ()) 

Ainsworth-Precision Castings 


Mass 


Co., Div. of Harsco Corp., 
Mich 
(D—Ad p 344 

Allied Resinous Products, Inc., Ohio 
(k) 

American Agile Corp., Ohio (k) 


American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(k,1,m) 

American Insulator Corp., Pa 
(D—Ad p 358 

American Plastics Corp., NY (I) 

American Sinterings Div., Engineered 
Plastics, Inc., Conn (1) 

Anderson Assoc., Inc., Ohio (I) 
Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Ohio (I) 
Atlantic India Rubber Works, Inc., 

Itt (m) 

Auburn Mfg. Co., Conn 
(k,m) 

Auburn Plastics, Inc., NY (k,!) 

Automotive Rubber Co., Inc., Mich 
(m) 

Beck, I. & Sons, Inc., NY (k) 

Belko Corp., Md (m) 

Boonton Molding Co., NJ (k) 

Camfield Fiberglass Plastics, 
Mich (1) 

Canfield, H.0. Co., Va (I,m) 

Chicago Gasket Co., Ili (1) 

Chicago Molded Products Corp., Ill 
(1) 

Chicago Rawhide Mfg. Co., 
il 
(k,m)—Ad pp 187-88 

Chicago-Ailis Mfg. Corp., Allis Rub- 
ber Div., Il (m) 

Colonial Rubber Co., Ohio (k,m) 

Colt’s Plastics Co., Inc., Conn (I,m) 

Conneaut Rubber & Plastics Co., Ohio 
(k,1,m) 

Connecticut Hard Rubber Co., 
Conn 
(m)—Ad p 205 


Consolidated Molded Prod- 
ucts Corp., Pa 
(I—Ad p 326 

Continental Rubber Works, Pa (m) 

— Fibre Corp., Del 
k,l) 

Crane Packing Co., Ill (k) 

Davidson Rubber Co., Mass (i,m) 

Dayton Rubber Co., Ohio (m) 

Dimco-Gray Co., Ohio (I) 

Disogrin Industries, Inc., NY (m) 

Dixon Corp., RI (m) 

Dryden Rubber Div., Sheller Mfg. 
Corp., Ill (k) 

Dumont Corp., Calif (1) 

Electric Auto-Lite Co., Ohio (k,!) 

Enflo Corp., NJ (I) 

Fabricon Products Div., Eagle-Picher 
Co., Mich (1) 

Faultless Rubber Co., Ohio (m) 

Fiber Glass Industries, Inc., NY (1) 

Fibercast Div., Youngstown Sheet & 
Tube Co., Okla (i) 

Firestone Tire & Rubber Co., Ohio (m) 

Garfield Mfg. Co., NJ (1) 

Garlock Packing Co., NY 
(k,m)—Ad p 361 

Gatke Corp., Il! (1) 

Geauga Industries Co., Ohio (m) 
——. 

General Electric Co., Chemical & 
Metallurgical Div., Ili (1) 

General Gasket, Inc., Conn (m) 

General Industries Co., Molded Plastic 
Div., Ohio (1) 

“—— Reinforced Plastics Corp., Ohio 

Glastic Corp., Ohio (1) 

Goodrich, 8B.F. Industrial 
Co., Ohio (k) 

Goshen Rubber Co., Inc., Ind 

(m)—Ad p 332 , 


Inc., 


Products 










Grimes Mfg. Co., Plastic Research 
Products Div., Ohio (1) 

Haveg Industries, Inc., Del (I) 

Hays Mfg. Co., Pa (1) 

Hewitt Rubber Div., 
Inc., NY (m) 

Hohwieler Rubber Co., Inc., 

Insulation Products Co., Pa (I) 

International Packings Corp., NH 
(m) 

Jersey Plastic 
NJ (1) 

Johnson Rubber Co., Ohio (m) 

Judsen Rubber Works, Inc., Ill (m) 

Kuhn & Jacob Molding & Tool Co., 
NJ (1) 

Kurz Kasch, Inc., Ohio (1) 

Lee Rubber & Tire Corp., Pa (m) 


Lewis, G.B. Co., Wis 
()—Ad p 336 

Lone Star Plastics Co., 
Tex 
()—Ad p 356 

Loranger Mfg. Corp., Pa (I) 

Lunn Laminates, Inc., NY (I) 

Luzerne Rubber Co., NJ (k,!) 

Mack Molding Co., NJ (I) 

Maloney, F.H. Co., Tex (I,m) 

Martin Rubber Co., Inc., NJ (m) 

Mesa Plastics Co., Calif (I) 

Mica Insulator Div., Minnesota Mining 
& Mfg. Co., NY (1) 

Micarta Div., Westinghouse Electric 
Corp., SC (k,I,m) 

Mid-States Rubber Products, 
Ind (i,m) 

Midwest Molding & Mfg. Co., Ill (1) 

Minnesota Rubber Co., Minn (I,m) 


Molded Fiber Glass Co., Ohio 
(1) 

Morrell, George Corp., Mich (I) 

Newth Rubber Co., RI (m) 

Panelyte Div., St. Regis Paper Co., 
NY (1) 

Parker Appliance Co., Rubber Products 
Div., Ohio (m) 

Parker Seal ODW., 
Corp., Ohio (m) 

Parker, Stearns & Co., Inc., NY (m) 

Perry Plastics, Inc., Pa (k,l) 

Plastic Masters, Inc., Mich (I) 

Plasticrafters, Inc., Ill (1) 

Polymer Corp. of Pennsylvania, Pa 
(k) 

Precision Rubber Products Corp., Ohio 
(m) 

Prince Rubber Co., Inc., NY (k,i,m) 

Quaker Rubber Div., H.K. Porter Co., 
Pa (I) 

Raybestos-Manhattan, Inc., NJ (i,m) 

Regal Plastic Co., Mo (I) 

Reinhold Engineering & Plastics Co., 
Inc., Calif (1) 

Resistoflex Corp., NJ (k) 

Richardson Co., NY (I) 

Rogers Corp., Conn (i,m) 


Hewitt-Robins, 


Pa (m) 


& Die Casting Co., 


Inc., 


Inc., 


Parker-Hannifin 


Rogers, V.F. Plastic Molding, Colo 
(I,m) 
Romar Plastics, Inc., Ill (1) 


Rostone Corp., Ind (1) 
Roth Rubber Co., Ill (i,m) 
Russell Reinforced Plastics Corp., NY 
() 
Sealview Plastics, Inc., Pa (I) 
Shamban, W.S. & Co., Calif (k) 
Shaw Insulator Co., NJ (I) 
Sheller Mfg. Corp., Mich (k,!,m) 
Southern Plastics Co., SC (I) 
Sparta Mfg. Co., Div. of U.S. Cer- 
amic Tile Co., Ohio (k) 
Stalwart Rubber Co., Ohio (m) 
Standard Plastics Co., Mass (I) 
Stockwell Rubber Co., Inc., Pa (k,!,m) 
Stokes Molded Products Div., Electric 
Storage Battery Co., NJ (I) 
Sun Rubber Co., Ohio (m) 
Swedish Crucible Steel Co., Mich (k) 
Swediow Plastics Corp., Ohio (1) 
Sylvania Electric Products, 
Inc., Parts Div., Pa 
(1) 
Synthane Corp., Pa 
() 








Toledo 
(I,m) 
Toyad Corp., Pa (k) 

U.S. Gasket Plastics Div., 
Packing Co., NJ (k,l) 
U.S. Rubber Co., Mechanical 

Div., Ind (1) 
U.S. Stoneware Co., NY (k,!) 
Vulcanized Rubber & Plastics Co., Pa 
(m) 


Waterbury Cos., Inc., Conn 
()—Ad p 328 
Wesbar Stamping Corp., Wis (m) 


Western Felt Works, Ill 
(I,m) 

Westlake Plastics Co., Pa (k) 

Whitso, Inc., Ill (1) 

Williams-Bowman Rubber Co., Ill (I, 
m) 

Woodall Industries, Inc., Mich (k,l) 

Wyatt’s Plastics, Inc., Tex (i,m) 

Zenith Plastics Co., Calif (I) 


Industrial Rubber Co., Ohio 


Garlock 


Goods 


Moldings, Injection 


A & A Die Casting Co., Calif (k) 

aaRBee Plastic Co., Calif (k) 

Acushnet Process Co., Mass 
(m)—Ad p 220 

Admiral Corp., Molded Products Div., 
Tit (k) 


Ainsworth-Precision Castings 
Co., Div. of Harsco Corp., 
Mich 
(k)—Ad p 344 

American Agile Corp., Ohio (k) 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(k,m) 

American Insulator Corp., Pa 
(k,m)—Ad p 358 

American Plastics Corp., NY (k) 

Amos Molded Plastics Div., Amos- 
Thompson Corp., Ind (k) 

Anderson Assoc., Inc., Ohio (k) 

Anthes Force Oller Co., lowa (k,!) 

Auburn Mfg. Co., Conn 
(k,m) 

Auburn Plastics, Inc., NY (k,m) 

Auburn Rubber Co., Inc., Ind (k) 

Belko Corp., Md (m) 

Booker & Wallestad, Inc., Minn (k) 

Boonton Molding Co., NJ (k) 

Bridgeport Moulded Products, 
Conn (k) 

Buckeye Molding Co., Ohio (k) 

Burwood Products Co., Mich (k) 

Byrd Plastics, Inc., Pa (k) 

Campro Co., Ohio (k) 

Canfield, H.0. Co., Va (I,m) 

Carlon Products Corp., Ohio (k) 

Celluplastic Corp., NJ (k) 

Chicago Molded Products Corp., Ill 
(k) 

Chicago-Allis Mfg. Corp., Allis Rubber 
Div., Il (m) 

Chippewa Plastics, Inc., Wis (k) 

Clover Industries, Inc., NY (k) 

Colonial Plastics Mfg. Co., Ohio (k) 

Colt’s Plastics Co., Inc., Conn (k) 

Commercial Plastics Co., Associated 
Plastic Div., Mich (k) 

Conneaut Rubber & Plastics Co., Ohio 
(k,1,m) 

Consolidated Molded Prod- 
ucts Corp., Pa 
(k)—Ad p 326 

Continental Can Co., Inc., NY (k) 

Continental Rubber Works, Pa (m) 

To Fibre Corp., Del 

Cruver Mfg. Co., Ill (k) 

CrystaIX Corp., Pa (k) 

Dayton Rogers Mfg. Co., Minn (k,|) 

Denver Plastics, Inc., Colo (k) 

Dryden Rubber Div., Sheller Mfg. 
Corp., Il! (k,m) 

Electric Auto-Lite Co., Ohio (k) 
Engineered Nylon Products, Inc., Ind 
(k) 

Erie Resistor Corp., Plastics Div., Pa 
(k) 

Fiberfil, Inc., Ind (k) 

Foster Gramt Co., Mass (k) 


Inc., 
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Franklin Plastics, Inc., Pa (k) 

Fry Plastics Co., Calif (k) 

Galigher Co., Utah (k,!) 

Garlock Packing Co., NY 
(k)—Ad p 361 

Geauga Industries Co., Ohio (m) 

General American Transportation Corp., 
Tit (k) 

General Electric Co., Chemical & 
Metallurgical Div., Ill (k) 

General Industries Co., Molded Plas- 
tic Div., Ohio (k) 

Glass Laboratories, Inc., NY (k) 

Goodrich, B.F. Industrial Products Co., 
Ohio (k) 

Gries Reproducer Corp., NY 
(k) 

H & R Industries, Pa (k) 

Kewitt Rubber Div., Hewitt-Robins, 
Inc., NY (m) 

Hungerford Plastics Corp., NJ (k,m) 

Jamison Plastic Corp., NY (k) 

Jersey Plastic & Die Casting Co., NJ 
(k) 

Jet Specialties Co., Inc., Calif (k) 

Johnson Plastic Corp., Ohio (k,m) 

Judsen Rubber Works, Inc., Ill. (m) 

Keolyn Plastics, Inc., Ill (k) 

Kirk, F.J. Co., Inc., Mass (k) 

Lancaster Glass Corp., Ohio (k) 

Lee Rubber & Tire Corp., Pa (m) 

Lone Star Plastics Co., Inc., 
Tex 
(kK)M—Ad p 356 

Loranger Mfg. Corp., Pa (k) 

Luminous Resins, Inc., Ill (k) 

Luzerne Rubber Co., NJ (k) 

Mack Molding Co., NJ (k) 

Maloney, F.H. Co., Tex (k) 

Michigan Plastic Products, Inc., Mich 
(k) 

Midwest Molding & Mfg. Co., Ill (k) 

Mimosa Corp., Ind (k) 

Minnesota Plastics Corp., Minn (k,m) 

Minnesota Rubber Co., Minn (i,m) 

Nalge Co., Inc., NY (k) 

Norgren-Stemac, Inc., Colo (k) 

Ohio Rubber Co., Ohio (k) 

Panelyte Div., St. Regis Paper Co., 
NY (k) 

Parker Seal Div., 
Corp., Ohio (m) 

Peoria Plastic Co., Ill (k) 

Perfex Plastics, Inc., Ili (k) 

Perry Plastics, Inc., Pa (k,!) 
Pipco International Corp., Sub. of 
Plastiglide Mfg. Corp., Calif (k) 
Plastic Engineering, Inc., 

Ohio 
(k) 
Plastic Masters, Inc., Mich (k) 
Plasticrafters, Inc., Ill (k,m) 
Plax Corp., Conn (k) 
Plymouth Industrial Products, Wis (k) 
Porter, William Co., Calif (k) 
Prince Rubber Co., Inc., NY (k,m) 
Pyro Plastics Corp., NJ (k) 
Raybestos-Manhattan, Inc., NJ (m) 
Richardson Co., NY (k) 
a V.F. Plastic Molding, Colo 
k) 


Parker-Hannifin 





Suppliers of Materials 


Romar Plastics, Inc., Ill (k) 
Sanford Plastics Corp., NY (k) 
Saran Lined Pipe Co., Mich (k) 
Schwab Plastic Corp., Mich (k) 
Shamban, W.S. & Co., Calif (k) 
Shaw Insulator Co., NJ (k) 
Sheller Mfg. Corp., Mich (k,|,m) 
Sinko Mfg. & Tool Co., Ill (k) 


Sparta Mfg. Co., Div. of U.S. Ceramic 


Tile Co., Ohio (k) 
Standard Plastics Co., Mass (k,m) 
Sterling Molders, Inc., NY (k) 
Stockwell Rubber Co., Inc., Pa (m) 
Stokes Molded Products, Div. of 

Electric Storage Battery Co., NJ (I) 
Superior Plastics, Inc., Ill (k) 
Sylvania Electric Products, 

Inc., Parts Div., Pa 

(k) 


Toledo Industrial Rubber Co., Ohio (I, 
m) 

Tube Turns Plastics, Inc., Ky (k) 

U.S. Gasket Plastics Div., Garlock 
Packing Co., NJ (k) 

U.S. Rubber Co., Mechanical 
Div., Ind (k) 

United-Carr Fastener Corp., Mass (k,1) 

Vulcanized Rubber & Plastics Co., 
Pa (k,m) 

Wagner Plastic Corp., NJ (k) 

Waterbury Cos., Inc., Conn 
(k)X—Ad p 328 

Western Felt Works., Ill 
(I,m) 

Westlake Plastics Co., Pa (k) 

Whyte Mfg. Co., Inc., NY (k,m) 

Zenith Plastics Co., Calif (1) 


Goods 


Moldings, Rein- 
forced Plastics 


(see Laminates) 


Moldings, Sheet 
(sheet formed parts) 


Allied Resinous Products, Inc., Ohio 
(k) 

Allis Rubber Div., Chicago-Allis Mfg. 
Corp., Ill (m) 

American Agile Corp., Ohio (k) 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(k,1) 


American Plastics Corp., NY (k) 
Auburn Rubber Co., Inc., Ind (k) 
Blank, Arthur & Co., Inc., Mass (k) 
Borkland Mfg. Co., Ind (k) 
Brown Rubber Co., Inc., Ind (m) 
Cadillac Plastic & Chemical Co., Mich 
(k,D 
Canfield, H.0. Co., Va (I,m) 
Capac Industries, Inc., Mich (k) 
Carroll, J.B. Co., Ill (k) 
Colonial Art Co., Inc., Mass (k) 
Colonial Rubber Co., Ohio (k,m) 
Connecticut Hard Rubber Co., 
Conn 
(m) 





Consolidated Molded Prod- 
ucts Corp., Pa 
(k) 


Continental Rubber Works, Pa (m) 

Continental-Diamond Fibre Corp., Del 
(k,)) 

CrystalX Corp., Pa (k) 

Dryden Rubber Div., Sheller Mfg. Co., 
lil (m) 

Dura Plastics of New York, Inc., NY 
(k) 

Enfio Corp., NJ (I) 

Fabricon Products Div., 
Co., Mich (1) 

Falge Engineering & Mfg. Div., Auto- 
mation Corp., Md (k) 

Fiber Glass Industries, Inc., NY (1) 

Formica Corp., Sub. of American Cy- 
anamid Co., Ohio (1) 

Foster Grant Co., Mass (k) 

Fry Plastics Co., Calif (k) 

Galigher Co., Utah (k) 

Garlock Packing Co., NY 
(k,m)—Ad p 361 

General American Transportation Corp., 
Itt (k) 

General Electric Co., Chemical & 
Metallurgical Div., Ill (m) 

General Plastics Corp., Ind (k) 

General Plastics Mfg. Co., Wash (k,m) 

General Tire & Rubber Co., Ind (1) 

Glastic Corp., Ohio (1) 

H & R Industries, Pa (k) 

Haveg Industries, Inc., Del (1) 

Hays Mfg. Co., Pa (I) 

Heil Process Equipment Corp., Ohio (1) 

Hewitt-Robins, Inc., Conn (m) 

Hohwieler Rubber Co., Inc., Pa (m) 

Klise Mfg. Co., Mich (k) 

Lone Star Plastics Co., Iinc., 
Tex 
(k) 


Luminous Resins, Inc., Ill (k) 
Lunn Laminates, Inc., NY (k,1) 
Lus-Trus Corp., Mich (k) 
Luzerne Rubber Co., NJ (k,!) 
Marblette Corp., NY (1) 
Masliand Duraleather Co., Pa (k) 
Mica Insulator Co., NY (I) 
Micarta Div., Westinghouse Electric 
Corp., SC (k,!) 
Midwest Plastic Products Co., Ill (k) 
Minnesota Mining & Mfg. Co., Minn 
(1) 
Nalge Co., Inc., NY (k) 
National Vulcanized 
Co., Del 
(1) 


Newth Rubber Co., RI (m) 

Nopco Chemical Co., NJ (I) 

O’Sullivan Rubber Corp., Va (k) 

Panelyte Div., St. Regis Paper Co., 
NY (k) 

Pyro Plastics Corp., NJ (k) 

Pyrosil, Inc., Ohio (1) 

Quelcor, Inc., Pa (k) 

Regal Plastic Co., Mo (k) 

Reinhold Engineering & Plastics Co., 
Inc., Calif (1) 

Rogers Corp., Conn (i,m) 


Eagle-Picher 


Fibre 





MATERIALS 


a—Aluminum and its alloys 
b—Copper and its alloys 


d—tead and its alloys 


m—Anodes 
o—Bar 

polymers or gums 
p—Base resins, 


q—Billets 





c—-Iron and its alloys (except steel) 


KEY 


e—Magnesium and its alloys 
f—Nickel and its alloys 
g@—Steels 

h—tTitanium and its alloys 


r—Custom formed parts 
(incl. specialties) 

s—Fibers 

t—Film 

u—Foams (component 
materials or products) 


v—Foil 
w—Ingot 


z—Plate 


x—Laminating, casting 


y—Molding compounds 


j—Zinc and its alloys 
k—Thermoplastics 
I—Thermosetting plastics 
m—Elastomers 


aa—Powder 
bb—Rod 
cc—Sheet 
dd—Strip 
ee—Tubing 
ff—Wire 
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IN 


DESIGN 


ENGINEERING 


Schori Process Div., Ferro-Co Corp. 
NY (1) ; 
Sealview Plastics, Inc., Pa (k) 
Seamless Rubber Co., Conn (m) 
Shamban, W.S. & Co., Ind (k) 
Shoe Form Co., Inc., NY (k) 

Snyder Mfg. Co., Inc., Ohio (k) 
Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co., Ohio (k) 

Strick Plastic Co., Pa (k,m) 

Superior Plastics, Inc., Ill (k) 

Swediow Plastics Co., Calif (k,!) 

Synthane Corp., Pa 
(1) 

Toyad Corp., Pa (k) 

U.S. Gasket Plastics Div., 
Packing Co., NJ (k,1) 

U.S. Rubber Co., Mechanical 
Div., Ind (k) 

Universal Unlimited, Inc., NY (k) 

Valley-National Corp., Conn (k) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (m) 

Western Felt Works, Ill 
(I,m) 

Westlake Plastics Co., Pa (k) 

Williams-Bowman Rubber Co., II! (|,m) 

Woodall Industries, Inc., Mich (k) 

Wyatt’s Plastics, Inc., Tex (k) 


Garlock 


Goods 


Moldings, Slush 
(plastics and rubber) 


American Agile Corp., Ohio (k) 

Automotive Rubber Co., Inc., Mich (m) 

Boonton Molding Co., NJ (m) 

Borden Co., Chemical Div., NY (k) 

Chemical Products Corp., RI 

Chicago-Allis Mfg. Corp., Allis Rubber 
Div., Ill (m) 

Dennis Chemical Co., Mo (k) 

Dryden Rubber Div., Sheller Mfo. 
Corp., Ill (k) 

Dumont Corp., Calif (1) 

Hungerford Plastics Corp., NJ (k,m) 

Minnesota Rubber Co., Minn (i,m) 

Munray Products Div., Fanner Mfo. 
Co., Ohio (k,!,m) 

Pyrosil, Inc., Ohio (1) 

Sheller Mfg. Corp., Mich (k,!,m) 

U.S. Stoneware Co., Ohio (k) 

Wyatt’s Plastics, Inc., Tex (k) 


Moldings, Transfer 


Accurate Molding Corp., NY (I) 
Acushnet Process Co., Mass 
(m)—Ad p 220 


Admiral Corp., Molded Products Div., 
i (i) 

Ainsworth-Precision Castings 
Co., Div. of Harsco Corp., 
Mich 
(D—Ad p 344 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(k,D 

American insulator Corp., Pa 
()—Ad p 358 

American Plastics Corp., NY (!) 

American Sinterings Div., Engineered 
Plastics, Inc., Conn (i) 

Auburn Mfg. Co., Conn 
(k) 

Auburn Plastics, Inc., NY (I) 

Automotive Rubber Co., Inc., Mich 
(m) 

Belko Corp., Md (m) 

Biwax Corp., Ill (I) 

Booker & Wallestad, Inc., Minn (!) 

Boonton Molding Co., NJ (k) 

Bridgeport Moulded Products, Inc., 
Conn (1) 

Canfield, H.0. Co., Va (I,m) 

Chicago Molded Products Corp., Ii! (!) 

Chicago Rawhide Mfg. Co., 
mW 
(k,m)—Ad pp 187-88 

Chicago-Allis Mfg. Corp., Allis Rubber 
Div., Ill (m 

Colonial Rubber Co., Ohio (k,m) 

Colt’s Plastics Co., Inc., Conn (I) 








Consolidated Molded Prod- 
ucts Corp., Pa 

(1) 

Continental Rubber Works, Pa (m) 

Dayton Rogers Mfg. Co., Minn (k,!) 

payton Rubber Co., Ohio (m) 

Dayton Rubber Co., Molded Products 
Div., Mich (1) 

imco-Gray Co., Ohio (1) 

aes industries, Inc., NY (m) 

Dryden Rubber Div., Sheller Mfg. 
Corp., Ill (k) 

Faultless Rubber Co., Ohio (m) 

Formica Corp., Sub. of American Cy- 
anamid Co., Ohio (k) 

Galigher Co., Utah (m) 

Garfield Mfg. Co., NJ (i) 

Garlock Packing Co., NY 
(km)—Ad p 361 

General American Transportation Corp., 
lt 

General Electric Co., Chemical & 
Metallurgical Div., Ill (I) 

General Industries Co., Molded Plastic 
Div., Ohio (k) 
Goodrich, B.F. 
Co., Ohio (k) 

Grimes Mfg. Co., Plastic Research 
Products Div., Ohio (1) 

Haveg Industries, Inc., Del (1) 

Hewitt Rubber Div., Hewitt-Robins, 
Inc., NY (m) 

Hohwieler Rubber Co., Inc., Pa (m) 

Houghton, E.F. & Co., Pa (m) 

Insulation Products Co., Pa (i) 

Johnson Rubber Co., Ohio (m) 

Judsen Rubber Works, Inc., Ill (m) 

Kurz Kasch, Inc., Ohio (1) 

Lee Rubber & Tire Corp., Pa (m) 

Lone Star Plastics Co., Inc., 

Tex 

(1) 


Loranger Mfg. Corp., Pa (I) 
Luzerne Rubber Co., NJ (k,!) 

Mack Molding Co., NJ (1) 

Martin Rubber Co., Inc., NJ (m) 
Mesa Plastics Co., Calif (1) 

Mica Insulator Div., Minnesota Mining 
& Mfg. Co., NY (1) 

Mid-States Rubber Products, Inc., Ind 
(I,m) 

Midwest Molding & Mfg. Co., Ili (1) 
Minnesota Rubber Co., Minn (i,m) 
Panelyte Div., St. Regis Paper Co., 
NY (1) 

Parker Appliance Co., Rubber Products 
Div., Ohio (m) 
Parker Seal  Div., 
Corp., Ohio (m) 
Perry Plastics, Inc., Pa (1) 

Plastic Research Products Co., Div. 
of Grimes Mfg. Co., Ohio (1) 
Plasticrafters, Inc., IM (1) 

Porter, William Co., Calif (1) 
Precision Rubber Products Corp., Ohio 
(m) 

Raybestos-Manhattan, Inc., NJ (m) 
Reinhold Engineering & Plastics Co., 
Inc., Calif (1) 

Resistoflex Corp., NJ (k) 

Richardson Co., NY (I) 

Rogers, V.F. Plastic Molding, 
(I,m) 

Romar Plastics, Inc., IM (I) 

Rostone Corp., Ind (I) 

Roth Rubber Co., Ill (m) 

Seamless Rubber Co., Conn (m) 

Shaw Insulator Co., NJ (I) 

Sheller Mfg. Corp., Mich (k,!,m) 

Southern Plastics Co., SC (1) 

Standard Plastics Co., Mass (I) 

Stockwell Rubber Co., Inc., Pa (m) 

Stokes Molded Products, Div. of 
Electric Storage Battery Co., NJ (I) 

Sun Rubber Co., Ohio (m) 

Sylvania Electric Products, 
~ Parts Div., Pa 


“a Industrial Rubber Co., Ohio 
m 


US. Rubber Co., Mechanical Goods 
Div., Ind (1) 


Industrial Products 


Parker-Hannifin 


Colo 








Vulcanized Rubber & Plastics Co., Pa 
(m) 

Waterbury Cos. Inc., Conn 
()—Ad p 328 

Western Felt Works, II! 
(I,m) 

Whitso, Inc., Ill (1) 

Williams-Bowman Rubber Co., Ill (I, 
m) 

Wyatt’s Plastics, Tex 


Inc., (i,m) 


Molybdenum and 
Its Alloys 


Alloy Metal Products, Inc., lowa (0,w) 
Alpha Metals, Inc., NJ (cc,dd) 
Amalgamated Steel Corp., Ohio (o,bb) 
American Metal Climax, Inc., 
NY 
(0,q,e,W,z,aa,bb,cc,dd) 

American Nickel Alloy Mfg. Corp., NY 
(w,aa) 

Associated Engineering & Mfg. Corp., 
NJ (n,0,aa,bb,cc,dd,ee, ff) 

Belmont Smelting & Refining 
Works, Inc., NY 
(o,w,aa) 

Bishop, J. & Co. 
Works, Stainless 
Products Div., Pa 
(ff) 


Bridgeport Brass Co., Conn (ee) 

Cleveland Tungsten Inc., Ohio (aa) 

Crucible Steel Co. of America, Ti- 
tanium & Vacuum Metals Product 
Div., Pa (0,q,w,z,cc,dd) 

Damascus Tube Co., Pa 
(ee) 

Electro Metallurgical Co., NY (aa) 

Eimet Div., North American Phillips 
Co., Inc., Me (0,w,z,aa,bb,cc,dd,ff) 

Fansteel Metallurgical Corp., 
TT 
(n,0,q,¥,W,2z,aa,bb,cc,dd,ee,ff)—Ad pp 
138-39 

General Electric Co., Lamp Wire & 
Phosphors Dept., Ohio (w,aa,bb,cc, 
dd, ff) 

Hamilton Watch Co, Precision Metals 
Div., Pa (v,dd,ff) 

Hardy, Charles, Inc., NY (aa) 

Hayden Wire Works, Inc., Mass (aa,ff) 

Johnston & Funk Titanium Corp., Ohio 
(bb, ff) 

Mallory, P.R. & Co., Inc., Ind (aa, 
bb) 

Mallory-Schwarzkopf Metals, Inc., NY 
(0,v,w,z,bb,cc,dd,ee, ff) 

Metal & Thermit Corp., NJ (w) 

Metallizing Co. of Los Angeles, Inc., 
Calif (ff) 

Metallizing Engineering Co., 
inc., NY 
(ff) 


Molybdenum Corp. of America, Pa 
(o,w,z,aa,bb,cc,dd) 

North American Phillips Co., 
Me (aa) 

Oregon Metallurgical Corp., Ore (w) 

Shieldalloy Corp., NJ (aa) 

Sylvania Electric Products, Inc., Chem- 
ical & Metallurgical Div., Pa (n, 
w,aa,bb, ff 

Tube Distributors Co., Inc., NY (ee) 

Universal-Cyclops Steel Corp., Pa {o,q, 
z,ce) 

Utica General Jobbing Foundry, Inc., 
NY (aa) 

Wah Chang Corp., NY (n,aa,bb,ff) 

Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa (0,4,v,w,z,bb,cc,dd, 
ee) 


Platinum 
Steel 


Inc., 


Monel 
(see Nickel) 


Neoprene 
(see Chloroprene Rubber) 


| 





Nickel and Its 
Alloys 


Advance Stamping Co., Miuh (dd) 
Alloy Metal Powders, Inc., NY (aa) 
Alloy Metal Products, Inc., Iowa (o, 
w) 
Amalgamated Steel Corp., Ohio (0,bb) 
American Metal Climax, Inc., 
NY 
(aa) 

American Nickel Alloy Mfg. Corp.,NY 
(n,0,q,¥,W,2,aa,bb,cc,dd,ee, ff) 
American Sheet Metal Works, 

Conn (cc) 
American Silver Co., NY (v,dd) 
American Smelting & Refining Co., 


Inc., 


NY (n,w) 
Auld, D.L. Co., Ohio (n) 
Austenal, Inc., NY (w) 


Bart Mfg. Corp., NJ (aa) 

Belmont Smelting & Refining 
Works, Inc., NY 
(n,o,w,aad—Ad p 130 

Biddie Screw Products Co., Ind (bb, 
ee) 


Bishop, J. & Co. Platinum 
Works, Stainless Steel 
Products Div., Pa 


(ee, ff)—Ad p 324 

Brinkerhoff Brass & Bronze Works, 
Inc., NY (cc,dd) 

Brush Beryllium Co., Ohio 
(w) 

Cannon-Muskegon Corp., Mich (0,v,w, 
cc, dd, ff) 

Central Fabricators, 
bb,cc,ee) 

Chicago Steel Service Co., Ill (0,q,z, 
bb,cc,dd,ee, ff) 

Crucible Steel Co. of America, Titani- 
um and Vacuum Metal Products 
Div., Pa (0,q,v,z,bb,cc,dd,ee, ff) 

Dahlin, C.A. Co., Ill (cc,ee) 

Damascus Tube Co., Pa 
(ee) 

Designers Metal Corp., Ill (cc) 

Dixon Sintaloy, Inc., Conn (0) 

Dormont Mfo. Co., Pa (ee) 

Driver, Wilbur B. Co., 
(b,dd,ff)—Ad p 131 


Driver-Harris Co., NJ (v,bb,dd,ff) 

Elgin National Watch Co., Abrasives 
Div., Ill (0,bb,dd,ff) 

Erskine Precision Wire Corp., Pa (ff) 
Federated Metals Div., American 
Smelting & Refining Co., NY (w) 
Firth Sterling, Inc., Pa (0,q,w,bb,dd) 

Foote Mineral Co., Pa (aa) 

Fox Products Co., Pa (n) 

Fromson Orban Co., Inc., NY (ee) 

General Plate Div., Metals & Controls 
Corp., Mass (v,cc,dd) 

Gibson Electric Co., Pa (bb,dd,ff) 

Grand Rapids Brass Co., Mich (z) 
Hamilton Watch Co., Precision Metals 
Div., Pa (v,w,bb,dd) 

Hardy, Charles, Inc., NY (aa) 
Harshaw Chemical Co., Ohio (n) 
Hayden Wire Works, Inc., Mass (aa,ff) 
Haynes Stellite Co., Div. of Union 
Carbide Corp., Ind (0,q,v,z,bb,cc,dd, 
ee, ff) 

Hoskins Mfg. Co., Mich (bb,dd) 

international Nickel Co., Inc., 
NY 
(n,z,bb,cc,dd,ee,ff)—Ad pp 25-28 

Jelliff, C.0. Mfg. Corp., Conn (ff) 

K. & L. Plating Co., Pa (z) 

Kanthal Corp., Conn (bb,dd,ff) 

Kinkead Industries, Inc., Ill (cc,dd) 

Lakeland Industries, Minn (z) 

Lavin, R. & Sons, Inc., Ill (w) 

Leach & Garner Co., Industrial Div., 
Mass (v,cc,dd,ee, ff) 

McGean Chemical Co., Ohio (n,o,bb,dd) 

Metal Forming Corp., Ind (ee) 

Metal Goods Corp., Mo (0,z,bb,cc,dd, 
ee, ff) 

Metal Hydrides, Inc., Mass (w,aa) 

Metallizing Co. of Los Angeles, Inc., 


Inc., Ohio (z, 


NJ 


- Calif (ff) 
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Metallizing Engineering Co., 
inc., NY 
(ff) 


Metals Disintegrating Co., Inc., NJ 
(aa) 

Michigan Seamless Tube Co., Mich (ee) 

Modern Plating Corp., Ill (n) 

National Lead Co., NY (q,w) 

National-Standard Co., Mich (ff) 

National-U.S. Radiator Corp., Plastic 
Metals Div., NY (aa) 

Nesor Alloy Products Co., NJ (ff) 

New England Brass Co., Mass (cc,dd) 

New Jersey Metals Co., NJ (n,w) 

Niagara Falls Smelting & Refining 
Div., Continental Copper & Stee! In- 
dustries, Inc., NY (v,w) 

Norrich Plastics Corp., Screw Machine 
Products Div., NY (0,bb,ee) 

Norwalk Powdered Metals, Inc., Conn 
(aa) 

Oregon Metallurgical Corp., Ore (w) 

Precision Tube Co., Inc., Pa (ee) 

Pyron Corp., NY 
(aa) 

Rathbone Corp., Mass (0,bb) 

Republic Steel Corp., Steel & Tubes 
Div., Ohio (ee) 

Rigidized Metals Corp., NY (cc,dd) 

Riverside-Alloy Metal Div., H.K. Porter 
Co., Inc., NJ (bb,dd,ff) 

Rolock, Inc., Conn (ff) 

Sandusky Foundry & Ma- 
chine Co., Ohio 
(ee) 

Sel-Rex Corp., 
(n,aa) 

Seymour Mfg. Co., Conn 
(n,bb,cc,dd, ff) 

Shenango Furnace Co., Centrifugally 
Cast Products Div., Ohio (ee) 

Shieldalloy Corp., NJ (aa) 

Somers Brass Co., Inc., Conn 
(v,dd)—Ad pp 136, 139 

Standard Metals Corp., Mass (ee) 

Stevens, Frederic B., Inc., Mich (n) 

Superior Steel Corp., Pa (dd) 

Superior Tube Co., Pa (ee) 

Sylvania Electric Products, 
Inc., Parts Div., Pa 
(ff)—Ad p 349 


Techalloy Co., Inc., Pa (0,v,bb,cc,dd, 
ff) 

Trent Tube Co., Sub. of Crucible Stee! 
Co. of America, Pa (ee) 

Tube Distributors Co., Inc., NY (ee) 

Tube Reducing Corp., NJ (ee) 

Udylite Corp., Mich (n) 

Ulimann, Inc., Wis (0,ee) 

United Wire & Supply Corp., RI (ff) 

Universal-Cyclops Stee! Corp., Pa (o, 
q,z,bb,cc,dd, ff) 

Utica General Jobbing Foundry, Inc., 
NY (aa) — 

Utica Metals Div., Kelsey-Hayes Co., 
NY (0,q,w,z,bb,cc,dd, ff) 

Utility Mfg. Co., Mass (bb) 

Vanadium-Alloys Steel Co., Pa (aa) 

Waimet Alloys Co., Mich 
(wi—Ad p 72 


Wall Colmonoy Corp., Stain- 
less Process Div., Mich 
(w,aa,bb) 


Wall Tube & Metal 
Tenn (ee) 

Wallingford Steel Co., Conn 
(dd,ee)h—Ad p 352 

Waterbury Rolling Mills, Inc., 
Conn 
(dd) 


Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa (0,q,v,w,z,bb,cc,dd, 
ee) 

Whitehead Metal Products Co., Inc., 
NY (0,q,z,bb,cc,dd,ee, ff) 

Wilson, H.A. Co., NJ (bb,dd) 

Youngstown Welding & Engineering 
Co., Ohio (ee) 


NJ 


Products Co., 


Nickel Silver 


(see Copper) 


Nitrides 


(see Refractories) 


Nitrile Rubber 


(see Acrylonitrile-Butadiene Rubber) 


Nodular Iron 


(see Iron) 


Nylon 


(see Polyamides) 


Organic Coatings 


(formulations — lacquers, enamels, 
etc; see also Precoated Metals) 


Abalon Precision Mfg. Corp., NY 

Acme Plating Co., Ohio 

Acme Stamping & Mfg. Co., Pa 

Allied Chemical Corp., Plastics & 
Coal Chemicals Div., NY 


Allied Research Products, 
Inc., Md 
—Ad p 281 
Alpha-Molykote Corp., Conn 
Amercoat Corp., Calif 
American Cyanamid Co., Plastics & 
Resins Div., NY 
American Solder & Flux Co., Pa 
American-Marietta Co., Ill 
Aries Laboratories, Inc., NY 
Armitage, J.L. & Co., NJ 
Ashtabula Mfg. Co., Ohio 
Atias Mineral Products Co., Pa 
Auld, D.L. Co., Ohio 
Automotive Rubber Co., 
Avondale Co., Ill 
Babbitt Chemical Co., Inc., Mass 
Barrett Varnish Co., Ill 


Bee Chemical Co., Hil 
—Ad p 

Biggs, Cari H. Co., Inc., Calif 
Bisonite Co., Inc., NY 

Boatwright Paint & Varnish Works, 
Inc., Ga 

Borden Chemical Div., Borden Co., NY 

Bradley Paint Co., Pa 

Bradley & Vrooman Co., Ill 

Brandt, Charles T., Inc., Md 

Burwood Products Co., Mich 

Capitol Chemical Co., Ill 

Carboline Co., Mo 

Cellcote Co., Ohio 

Chemical Coatings Corp., Conn 

Chemical Coatings & Engineering Co., 
Inc., Pa 

Chemical Development Corp., Mass 

Chemical Process Co., Calif 

Chemical Products Corp., RI 

Commercial Chemical Co., Ohio 

Cordo Chemical Corp., Conn 

Davis Products Corp., NY 

Day, James B. & Co., lll 

Dayton Rubber Co., Ohio 

Debevoise Co., NY 

Dennis Chemical Co., Mo 

Designers Metal Corp., Ill 

De Soto Paint & Varnish Co., Tex 

Dirilyte Co. of America, Inc., Ind 

Dollin Corp., NJ 

Douglas & Sturgess, Calif 

a de Nemours, E.I. & Co., Inc., 

Duraiac Chemical Corp., NJ 

Earl Paint Corp., NY 

Egan & Hausman Co., Inc., NY 

Egyptian Lacquer Mfg. Co., NJ 

Electro Chemical Engineering & Mfg. 
Co., Pa 

Electrofilm, Inc., Calif 

Enamelstrip Corp., Sub. of National 
Steel Corp., Pa 

Everlite Corp., Wash 


Inc., Mich 





Suppliers of Materials 


Fidelity Chemical Products Corp., NJ | 

Firestone Plastics Co., Pa 

Flexrock Co., Pa | 

Forbes Finishes Div., 
Glass Co., Ohio 

Fox Co., Ohio | 

Furane Plastics Inc., Callf 

Gates Engineering Co., Del 

General Electric Co., Chemical Ma- 
terials Dept., Mass 

General Plastics Corp., NJ 

General Plastics Mfg. Co., Wash 

Glidden Co., Ind 

Globe Paint Works, Inc., Pa 

Goodyear Tire & Rubber Co., Chemical 
Div., Ohio 

Grand Rapids Varnish Corp., Mich 

Hardman, H.V. Co., Inc., NJ 


Haveg Industries, Inc., Del 
Hilo Varnish Corp., Mass 
Horn, A.C. Co., Inc., Div. 
Chemical Corp., NY 
Houghton Laboratories, Inc., NY 
Industrial Metal Protectives Inc., Ohie 
Interchemical Corp., Finishes Div., NJ 
Jamestown Finishes, NY 
Jasper Lacquer Co., Inc., Ind 
Johnson, S.C. & Son, Inc., Wis 
Jones-Dabney Co., Div. of Devoe & 
Raynolds Co., Inc., Ky 
Keystone Refining Co., Inc., Pa 
Kish Industries, Inc., Mich 
Knight, Maurice A., Ohio 
Lacquer Products, Inc., Ohio 
Lakewood Metal Products, Inc., 
Landau, J. & Co., Inc., NJ 
Lithcote Corp., Ill 
Lowe Bros. Co., Ohio 
Maas & Waldstein Co., NJ 
Magnesium Co. of America, Ind 
McDougall Butler Co., Inc., NY 
Mearl Corp., NY 
Merix Chemical Co., Ill 
Metal & Thermit Corp., NJ 
Micarta Div., Westinghouse Electric 
Corp., SC 
— Chrome & Chemical Co., 
ich 


Midiand industrial 
Co., Il 
—Ad p 285 
Minnesota Mining & Mfg. Co., Ad- 
hesives & Coatings Div., Mich 
Minnesota Paints, Inc., Minn 
Minnesota Platon Corp., Minn 
Mirro Aluminum Co., Wis 
Mobile Paint Mfg. Co., Inc., Ala 
Modern Plating Corp., Ill 
Mono-Seal Products D\v., 
Hunnewell, Inc., Mass 


Monsanto Chemical Co., Or- 
ganic Chemicals Div., Mo 
—Ad p 283 

Munray Products Div., Fanner Mfg. 
Co., Ohio 

Narmco Resins & Coatings Co., Calif 

Narragansett Boiler Works, Inc., RI 

National Mfg. Corp., NY 

National Polymer Products, Inc., Pa 

Naugatuck Chemical Div., U.S. Rubber 
Co., Conn 

New Jersey Zinc Co., NY 


Nikolas, G.J. & Co., Inc., Ill 

Nukem Products Corp., NY 

Octagon Process, Inc., NY 
Paramount Paint & Lacquer Co., Calif 
Parker Paint Mfg. Corp., Ind 

Pecora, Inc., Pa 

Penn Metal Co., Inc., W.Va 
Perry-Austen Mfg. Co., NY 
— Enameling Works, Inc., 
Pierce, F.0. Co., NY 

Pierce & Stevens Chemical Corp., NY 
Powell Pressed Steel Co., Ohio 
Pratt & Lambert, Inc., NY 

Promat Div., Poor & Co., Ill 

Queen Products Co., Inc., Ky 


of Sun 


Conn 


Finishes 


Downer, 


Pittsburgh Plate | 





Quelcor, Inc., Pa 

Radiant Color Co., Calif 
Raffi and Swanson, Inc., Mass 
Randolph Products Co., NJ 
Raybestos-Manhattan, Inc., NJ 


Reynolds Chemical Products 
Co., Mich 

Riegel Paper Corp., NY 

Rinshed-Mason Co., Mich 

Rodney Metals, Inc., NY 

Rosco Laboratories, NY 

Rubber Corp. of America, NY 

Rust-Oleum Corp., Ill 

Sauereisen Cements Co., Pa 

Schori Process Div., Ferro-co Corp., 
NY 

Schwartz Chemical Co., 

Seal-Peel, Inc., Mich 

Sealube Co., Mass 

Seaporcel Metals, Inc., NY 

Sherwin-Williams Co., Ohio 

Simonsen Metal Products Co., Ill 

Spraylat Corp., NY 

Stanley Chemical Co., Conn 

Steel Protection & Chemical Co., Ind 

Steelcote Mfg. Co., Mo 

Subox, Inc., NJ 

Sun Steel Co., Ill 

Superior Plastics, Inc., Ill 

Textileather Div., General 
Rubber Co., Ohio 

Thermal Refractories Corp., NJ 

Thompson and Co., Pa 

Tousey Varnish Co., Ill 

Tubular Rivet & Stud Co., Mass 

Union Chemical Corp., NJ 

Union Paste Co., Mass 

U.S. Stoneware Co., Ohio 


Waterbury Cos., Inc., Conn 


Watson-Standard Co., Pa 
Wesbar Stamping Corp., Wis 
Western Coating Co., Mich 
Westinghouse Electric Corp., Pa 
Worth Co., Wis 

Zeller Corp., Ohio 

Zolatone Process, Inc., Calif 


Inc., NY 


Tire & 


Organic Coatings 
(coaters) 

Aldan Rubber Co., Pa 

Alloy Products Corp., Wis 


Ainsworth-Precision Castings 
Co., Div. of Harsco Corp., 
Mich 
—Ad p 344 

American Embiem Co., Inc., NY 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 


Arbonite Corp., Pa 

Aries Laboratories, Inc., NY 
Ashtabula Mfg. Co., Ohio 

Atias Mineral Products Co., Pa 
Auld, D.L. Co., Ohio 
Automotive Rubber Co., Inc., Mich 


Bee Chemical Co., Ill 

Biggs, Carl H. Co., Inc., Calif 

Bishopric Products Co., Ohio 

Bisonite Co., Inc., NY 

Boatwright Paint & Varnish Works, 
Inc., Ga 

Bradley Paint Co., Pa 

Brandt, Charles T., Inc., Md 

Caspers Tin Plate Co., Ill 

Chemical Development Corp., Mass 

Coated Coil Corp., NY 

Cohan Epner Co., Inc., NY 

Colonial Alloys Co., Pa 

Cordo Chemical Corp., Conn 

Croname, Inc., Ill 

Day, James B. & Co., Ill 

Debevoise Co., NY 

Dirilyte Co. of America, Inc., Ind 

Dolin Metal Products, Inc., NY 


Dollin Corp., NJ 
Douglas & Sturgess, Calif 
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Earl Paint Corp., NY 

Electric Auto-Lite Co., Ohio 

Electro Chemical Engineering & Mfg, 
Co., Pa 

Electro Technical Div., 
Corp., NJ 

Electrofilm, Ine., Calif 

Emerson & Cuming, Inc., 

Enamelstrip Corp., Sub. 
Steel Corp., Pa 

Everlite Corp., Wash 

Eyelet Specialty Div., 
Silver Co., Conn 

Falstrom Co., NJ 

Farwell Metal Fabricating, Minn 

Fletcher Enamel Co., W.Va 

Forbes Finishes Div., Pittsburgh Plate 
Glass Co., Ohio 

Foss Mfg. Co., Plastics Div., Iq 

Fuller, H.B. Co., Minn 

Gates Engineering Co., Del 

General Plastics Corp., NJ 

Globe Paint Works, Inc., Pa 

Goodrich, B.F. Industrial Products Co, 
Ohio 

Grand Rapids Brass Co., Mich 

Grand Rapids Varnish Corp., Mich 

H & R Industries, Pa 

Hartweld Co., Ohio 

Haveg Industries, Inc., Del 

Hayden Wire Works, Inc., Mass 

Hilo Varnish Corp., Carpenter-Morton 
Co., Mass 

Industrial Metal Protectives, Inc., Ohio 

Jamison Plastic Corp., NY 

Johnson, S.C & Son, Inc., Wis 

Kelley Mfg. Co., Tex 

Kickhaefer Mfg. Co., Wis 

Lakewood Metal Products, Inc., Conn 

Lithcote Corp., Ill 

Lowe Bros. Co., Ohio 

Maas & Waldstein Co., NJ 

Magic Chemical Co., Mass 

Marblette Corp., NY 

Merix Chemical Co., Ili 

Metal-Cladding, Inc., NY 

Metalweld, Inc., Protective Coating 
Div., Pa 

Met-L-Wood Corp., Ill 

Michigan Chrome & Chemical Co., 
Mich 

Minnesota Mining & Mfg. Co., Ad- 
hesives, Coatings & Sealers DWv., 
Mich 

Modern Plating Corp., Ill 

Munray Products Div., Fanner Mfg. 
Co., Ohio 

Montague Machine Co., Mass 

Narmco Resins & Coatings Co., 
National Metal Products Co., Pa 

Nikolas, G.J. & Co., Inc., Ill 

Norgren-Stemac, Inc., Colo 

Pecora, Inc., Pa 

Polacoat, Inc., Ohio 

Quelcor, Inc., Pa 

Radiant Color Co., Calif 

Raffi and Swanson, Inc., Mass 

Respro Div., General Tire & Rubber 
Co., RI 

Riegel Paper Corp., NY 

Rustproofing & Metal Finishing Corp., 
Mass 

Schori Process Div., Ferro-co Corp., 
NY 

Schwartz Chemical Co., 

Smoot-Holman Co., Calif 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co., Ohio 

Steelcote Mfg. Co., Mo 

Sun Steel Co., Ill 

Superior Plastics, Inc., Ill 

Textileather Div., General 


Sun Chemica 


Mass 
Of Nationa 


International 


Calif 


Inc., NY 


Tire & 


Union Chemical Corp., NJ 

U.S. Stoneware Co., Ohio 

United-Carr Fastener Corp., Mass 

Wayne Chemical Products Co., Mich 

Woodstock Div., Electric Auto-Lite Co., 
Il 

Worth Co., Wis 

Zolatone Process, Inc., Calif 

Zophar Mills, Inc., NY 








Organic Coatings 
—Claddings 


(see also Laminates, Metal-Organic) 


American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
Arvin Industries, Inc., Ind 

Automotive Rubber Co., Inc., Mich 

Clad-Rex Corp., Ill 

Electro Chemical Engineering & Mfg. 
Co., Pa 

Lithcote Corp., Ill 

Metal-Cladding, Inc., NY 

National Polymer Products, Inc., Pa 

Nukem Products Corp., NY 

Penn Metal Co., Inc., W.Va 

Seiberling Rubber Co., Plastics Dw., 
Ohio 

Sun Steel Co., Ill 

Watson-Standard Co., Pa 


Organic Coatings 
—Prepainted 
Metals 


Abalon Precision Mfg. Corp., NY 
Caspers Tin Plate Co., III 

Clad-Rex Corp., Colo 

Coated Coil Corp., NY 

Cooley, W.J. & Co., Tenn 

Dow Chemical Co., Mich 

Electro Chemical Engineering & Mfg. 
Co., Pa 

Enamelstrip Corp., Sub. of National 
Steel Corp., Pa 

Falstrom Co., NJ 

Fryling Mfg. Co., Pa 

Hoofer Mfg. Co., Ii! 

Jones & Laughlin Stee! Corp., Strip 
Steel Div., Ohio 

Kaiser Aluminum & Chemica! 
Sales Inc., I 

Kees, F.D. Mfg. Co., Neb 

Kinkead Industries, Inc., II! 

Lundquist Tool & Mfg. Co., Inc., Mass 

Mahon, R.C. Co., Mich 

National Metal Products Co., Pa 

Olin Mathieson Chemical Corp., Alum- 
inum Div., NY 

Penn Metal Co., Inc., W.Va 

Philadelphia Steel & Wire Corp., Pa 

Republic Steel Corp., Ohio 

Reynolds Aluminum Supply Co., Ga 

Reynolds Metals Co., Va 

Rigidized Metals Corp., NY 

Rodney Metals, Inc., NY 

Roll Coater, Inc., Ind 

Security Sash & Screen Co., Mich 

Sharon Steel Corp., Pa 

Sun Steel Co., Ill 

Thomas Strip Div., Pittsburgh 
Steel Co., Pa 
—Ad pp 74-5 


Organic Coatings, 
Strippable 


Adhesive Products Corp., NY 

Ainsworth-Precision Castings 
Co., Div. of Harsco Corp., 
Mich 

Amercoat Corp., Calif 

American Latex Products Corp., Calif 

Angier Adhesives Div., Interchemical 
Corp., Mass 

Atlas Mineral Products Co., Pa 

Babbitt Chemical Co., Inc., Mass 

Bakelite Co., Div. of Union Carbide 
Corp., NY 

Bee Chemical Co., Hl 
—Ad p 285 

Belding Corticelli Industries, NY 

Better Finishes & Coatings, Inc., NJ 

Bischoff Chemical Corp., Conn 

Bisonite Co., Inc., NY 

Blaco Mfg. Co., Ohio 

Borden Chemical Div., Borden Co., NY 

Carboline Co., Mo 

Carey, Philip Mfg. Co., Ohio 

— & Engineering Co., 
ne., Pa 





Chemical Development Corp., Mass 
Chemical Products Corp., RI 
Daubert Chemical Co., Ill 

Dennis Chemical Co., Mo 

De Soto Paint & Varnish Co., Tex 
Dip Seal Plastics, Inc., Ill 

— Corp., Metal Industries Div., 

Dow Chemical Co., Plastics 
Div., Mich 

Earl Paint Corp., NY 

Fidelity Chemical Products Corp., NJ 

Fine Organics, Inc., NY 

Frost Paint & Oil Corp., Minn 

George, P.D. Co., Mo 

Glidden Co., Ind 

Globe Imperial Corp., Plastic-Seal Div., 
Ill 

Houghton, E.F. & Co., Pa 

Hughes Glue Co., Mich 

Interchemical Corp., Finishes Div., NJ 

Jamestown Finishes, NY 

Johnson, S.C & Son, Inc., Wis 

Jones-Dabney Co. Div., Devoe & Ray- 
nolds Co., Inc., Ky 

Kinkead Industries, Inc. Ill 

Koster-Keunen Mfg. Co. Inc. NY 

Lacquer Products, Inc., Ohio 

Landau, J. & Co., Inc., NJ 

Maas & Waldstein Co., NJ 

Metal & Thermit Corp., NJ 

Micarta Div., Westinghouse Electric 
Corp., SC 

Michelman Chemicals, Inc., Ohio 

Midland Adhesive & Chemical Corp., 
Mich 

Minnesota Mining & Mfg. Co., Ad- 
hesives, Coatings & Sealers Div., 
Mich 

Minnesota Paints, Inc., Minn 

Modern Plating Corp., Ill 

Morningstar-Paisley, Inc., NY 

Munray Products Div., Fanner Mfg. 
Co., Ohio 

Nikolas, G.J. & Co., Inc., Ill 

Nukem Products Corp., NY 

Octagon Process, Inc., NY 

Parker Paint Mfg. Corp., Ind 

Pecora, Inc., Pa 

Pennsalt Chemicals Corp., Pa 

Pierce & Stevens Chemical Corp., NY 

Poly Resins, Calif 

Polyken Sales Div., Kendall Co., II! 

Polymer Chemical Co., Ohio 

Protective Treatments, Inc., Ohio 

Puritan Co., Inc., NY 

Pyramid Plastics, Inc., Ill 

Reynolds Chemical Products 
Co., Mich 

Schwartz Chemical Co., Inc., NY 

Seal-Peel, Inc., Mich 

Servwell Products Co., Ohio 

Spraylat Corp., NY 
—Ad p 278 

Sun Steel Co., Ill 

Texas Plastic Development Corp., Tex 

Thompson and Co., Pa 

Trim Alloys, Inc., Mass 

Turco Products, Inc., Calif 

Union Chemical Corp., NJ 

Union Paste Co., Mass 

U.S. Rubber Co., NY 

U.S. Stoneware Co., Ohio 

Valvoline Oil Co., Div. of Ashiand Oil 
& Refining Co., Pa 

Watson-Standard Co., Pa 

Wayne Chemical Products Co., Mich 

Western Coating Co., Mich 

Whitfield Chemical Co., Mich 

Xylos Rubber Co., Ohio 

Zophar Mills, Inc., NY 


Oxide Coatings 


(see Conversion Coatings) 


Oxides 


(see Ceramics; Refractories) 


Paints 


(see Organic Coatings) 








Papers 


(cellulose, inorganic, synthetic; for 
industrial use) 


Allied Chemical Corp., Plastics & Coal 
Chemicals Div., NY 

Dexter, C.H. & Sons, Inc., Conn 

Fasson Products, Ohio 

Filpaco Industries, Inc., Ill 

Fox Edge Co., Inc., Mass 

General Gasket, Inc., Conn 

Georgia-Pacific Corp., Ore 

Gomar Mfg. Co., Inc., NJ 

Hollingsworth & Vose Co., Mass 

Insulation Mfrs. Corp., Ill 

Johns-Manville Corp., NY 

Knowlton Bros., Inc., NY 
—Ad p 246 

Mica Fabricating Co., NJ 

Mosinee Paper Mills Co., Wis 
—Ad p 250 

National Gasket & Washer Mfg. Co., 
Inc., NY 

Owens-Illinois Glass Co., Ohio 

Panelyte Div., St. Regis Paper Co., NY 

Precision Paper Tube Co., Ill 

Raybestos-Manhattan, Inc., NJ 

Riegel Paper Corp., NY 

Rogers Corp., Conn 

Spaulding Fibre Co., Inc., NY 
—Ad p 217 

Spruce Pine Mica Co., Inc., NC 

Standard Asbestos Mfg. Co., Ill 

Standard Washer & Mat, Inc., Conn 

Twitchell, E.W. Inc., Pa 

Vellumoid Co., Mass 

Victor Mfg. & Gasket Co., Ill 


Perforated Metals 


Acme Precision Products, Inc., Ohio 
(a,b,9,h) 

Aluminum Co. of America, Pa 
(a) 

American Metal Products, Inc., Ohio 
(g) 

American Nickel Alloy Mfg. Corp., 
NY (f) 

American Sheet Metal Works, Inc., 
Conn (g) 

Atlantic Steel Co., Ga (a,b,9) 

BLC Porous Materials Co., Calif (a, 
b,e,f,9,)) 

Biersach & Niedermeyer Co., Wis (a, 
b,c,f,9) 

Blaco Mfg. Co., Ohio (b,g) 

Brockway Pressed Metals, Inc., Pa (b, 
c) 

Burgess-Norton Mfg. Co., Ill (c) 

California Perforated Screen Co., Calif 
(a,b,c,f,9,)) 

Caspers Tin Plate Co., Ill (g) 

Chase Brass & Copper Co., Conn (b) 

Clad-Rex Corp., Ill (a,g) 

Clark Perforating Co., Mich (a,b,c,d, 
f,9,)) 

Clendenin Bros., Inc., Md (a,b) 

Colonial Alloys Co., Pa (a) 

Colorado Fuel & Iron Corp., Colo (g) 

Cross Engineering Co., Pa (a,g) 

Diamond Mfg. Co., Pa (a,b,c,d,e,f,g,h, 
Dd 

Duplex Mfg. Corp., NY (9) 

Edgcomb Steel & Aluminum 
Corp., NJ 
(a,9) 

Ellwood City Iron & Wire Co., Pa (c) 

Emerson-Sack-Warner Corp., Mass (a, 
b,f,g) 

Etched Products Corp., NY (G) 

Falstrom Co., NJ (a,b,e,9) 

Fletcher Enamel Co., W.Va (a,b,c,d,e, 
f) 

Fox Products Co., Pa (c) 

General Alloys Co., Mass (a,b,f,g) 

Greene, G.G. Corp., Pa (g) 

Harrington & King Perforat- 
ing Co., Inc., ill 
(a,b,c,d,e,f,g,h,jJ)—Ad p 341 

Hawkridge Bros. Co., Mass (a) 

Hendrick Mfg. Co., Pa (a,b,c,d,e,f,9,h, 
jp 

Houston Blow Pipe & Sheet Metal 
Works, Tex (a,b,9) 











Ideal Can Co., Mass (g) 

Irwin Foundry & Mine Car Co., In- 
dustrial & Furnace Car Div., Pa (g) 

Kees, F.D. Mfg. Co., Neb (g) 

Levinson Steel Co., Pa (g) 

Manganese Steel Forge Co., Pa (g) 

McCarter Iron Works, Inc., Pa (gq) 

McNally Pittsburgh Mfg. Co., Kan (a, 
9) 

Melco Wire Products, Calif (a) 

Metal Goods Corp., Tex (a,b,f,9) 

Mundt, Charles & Sons, NJ (a,b,c,d, 
e,f,9,h,j) 

National Galvanizing Co., Pa (g) 

National Lead Construction Co., Inc., 
NJ (d) 

Norwalk Powdered Metals, Inc., Conn 
(b) 

Parker Metal Goods Co., Mass (g) 

Republic Steel Corp., Ohio 
(g) 

Reynolds Metals Co., Va (a) 

Rigidized Metals Corp., NY (a,b,f,9, 
h,j) 

Ryerson, Joseph T. & Son, Inc., Ill 
(a,g) 

Servwell Products Co., Ohio (b,g) 

Stainless Metals, Inc., NY (9) 

Standard Stamping & Perforating Co., 
Ill (a,b,9) 

Thompson Pipe & Steel Co., Colo (g) 

Toepfer & Sons., Inc., Wis (a,b,c,e,f, 
9,h,)) 

Wesbar Stamping Corp., Wis (a) 

Whitehead Metal Products Co., Inc., 
NY (a,b,f) 

Whyte, Oliver Co., Inc., NY (a,9) 

Wire & Iron Products, Inc., Mich (f, 
9) 


Permanent Mold 


Castings 
(see Castings) 


Phenolics 


Ace Plastic Co., NY (bb,cc,dd) 

Adhesive Products Corp., NY (x) 

Allied Chemical Corp., Plastics & Coal 
Chemicals Div., NY (p) 

American Reinforced Plastics Co., Conn 
(p,y) 

Anderson Assoc., Inc., Ohio (y) 

Archer-Daniels-Midiand Co., Minn (y) 

Atlas Mineral Products Co., Pa (x) 

Auburn Plastic Engineering, Ill (bb,cc) 

Baer, N.S. Co., NJ (bb,cc,dd,ee) 

Bakelite Co., Div. of Union Carbide 
Corp., NY (p,u,x,y) 

Bisonite Co., Inc., NY (x) 

Blank, Arthur & Co., Inc., Mass (cc) 

Borden Chemical Div., Borden Co., NY 
(p) 

Cadillac Plastic & Chemical Co., Mich 
(bb,cc,dd,ee) 

Calfibe Co., Inc., Calif (cc,ee) 

Capac Industries, Inc., Mich (cc,dd) 

Catalin Corp. of America, NY (p,x) 

Chemical Process Co., Calif (x) 

Coast Mfg. & Supply Co., Calif (y) 

Colonial Kolonite Co., Ill (bb,cc,ee) 


Commercial Plastics & Sup- 
ply Corp., NY 
(bb,cc,dd,ee) 

Consoweld Corp., Wis (cc) 

Continental-Diamond Fibre Corp., Del 
(bb,cc,dd,ee) 

Cordo Chemical Corp., Conn 
(y) 

Douglas & Sturgess, Calif (x,y) 

Dunnican Assoc., NJ (p,y) 


Durez Plastics Div., Hooker 
Chemical Corp., NY 
(p,x,y)—Ad pp 192-93 

Electrofilm, Inc., Calif (t) 

Eljay Corp., Md (bb,cc,dd,ee) 

Falge Engineering Corp., Md (t) 

Farley & Loetscher Mfg. Co., Plastics 
Div., lowa (cc) 

Fiber Glass Industries, Inc., NY (x,cc) 

Fiberite Corp., Minn (y) 
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Formica Corp., Sub. of American Cy- 
anamid Co., Ohio (bb,cc,dd,ee) 

Galigher Co., Utah (bb,cc,dd,ee) 

General Electric Co., Chemical Ma- 
terials Dept., Mass (p,x,y) 

General Electric Co., Laminated Prod- 
ucts Dept., Ohio (bb,cc,ee) 

General Plastics Mfg. Co., Wash (bb, 
cc,dd,ee) 

Haveg Industries, 
ee) 

Hercules Powder Co., Inc., Del (p) 

Iten Fibre Co., Ohio (bb,cc,dd,ee) 

Lewis, J.P. Co., Plastic Products Div., 
NY (cc) 

Kish Industries, Inc., Mich (u,x) 

Kurz Kasch, Inc., Ohio (y) 

Laminated Plastex Corp., Ohio (x,cc) 

Loven Chemical of California, Calif 
(p,x,y) 

Maloney, F.H. Co., Tex (x,y,bb,cc,dd, 
ee) 

Marblette Corp., NY (p,u,x,y,bb,ee) 

Mica Insulator Div., Minnesota Mining 
& Mfg. Co., NY (bb,cc,ee) 

Micarta Div., Westinghouse Electric 
Corp., SC (p,x) 

Monsanto Chemical Co., Plastics Div., 
Mass (p,x,y) 

Narmco Resins & Coatings Co., Calif 
(u,x,y,dd) 

National Moldite Co., NJ (y) 

National Vulcanized 
Co., Del 
(bb,cc,dd,ee) 


New England Laminates Co., 
Inc., Conn 
(cc) 

Nopco Chemical Co., NJ (p) 

Norrich Plastics Corp., NY (bb,cc,dd, 
ee) 

Northern Plastics Corp., Wis (cc,dd) 

Omni Products Corp., NY (y) 

Panelyte Div., St. Regis Paper Co., 
NY (x,bb,cc,dd,ee) 

Penn Fibre & Specialty Co., Inc., Pa 
(bb,cc,dd,ee) 

Philrus Products Co., NJ (bb,cc,dd,ee) 

Plastic Engineering Co., Wis 
(p,x,y—Ad p 202 

Poly Resins, Calif (p,x) 

Precision Paper Tube Co., Ill (ee) 

Pyrosil Inc., Ohio (x,cc) 

Quelcor, Inc., Pa (t) 

Raybestos Div., Raybestos-Manhattan, 
Inc., Conn (x) 

Raybestos-Manhattan, Inc., Plastic 
Products Div., Conn (p,x,y) 

Reichhold Chemicals, Inc., NY (p,x) 

Reilly Tar & Chemical Corp., Ind (p,y) 

Rezolin, Inc., Calif (p,u,x) 

Richardson Co., NY (bb,cc,ee) 

Rogers Corp., Conn (y) 

Schenectady Varnish Co., Inc., NY (p, 
x) 

Schwab Plastic Corp., Mich (bb,cc,dd, 
ee) 

Spaulding Fibre 
NY 
(bb,cc,dd,ee) 

Strick Plastics Co., Pa (u,cc) 


Inc., Del (p,bb,cc, 


Fibre 


Co., Inc., 





Suppliers of Materials 


Sun Chemical Corp., Electro Technical 
Div., NJ (x) 

Swediow Plastics Co., Calif (cc) 

Synco Resins, Inc., Conn (p,x) 

Synthane Corp., Pa 
(bb,cc,dd,ee) 

Taylor Fibre Co., Pa 
(bb,cc,dd,ee) 

Texas Glass Fiber Corp., Tex (y) 

Thombert, Inc., Iowa (bb,cc,dd,ee) 

U.S. Polymeric Chemicals, Inc., Conn 
(s) 

Varcum Chemical Corp., NY (p) 

Watertown Mfg. Co., Conn (p,y) 

Westlake Plastics Co., Pa (bb,cc,dd,ee) 

Wilmington Fibre Specialty Co., Del 
(bb,cc,ee) 


Phosphate 
Coatings 


(see Conversion Coatings) 


Phosphor Bronze 
(see Copper) 


Pipe 


(see Tubing) 


Plaster Mold 


Castings 
(see Castings) 


Plastics 


(see specific material and form) 


Plate 


(see specific metal) 


Plated Coatings 


(see Electroplated Coatings; Pre- 
plated Metals) 


Platinum and Plati- 
num Group Alloys 


American Metal Climax, Inc., 
NY 
(aa) 


American Platinum & Sliver 
Div., Engelhard Industries, 
Inc., NY 
(n,v,z,aa,bb,cc,dd,ee, ff) 

American Platinum Works, NJ (z) 

American Silver Co., NY (v,dd) 

American Smelting & Refining Co., 
NY (0) 

Baker & Co., Inc., NJ (n,0,v,w,z,aa, 
bb,cc,dd) 

Bishop, J. 


& Co. Platinum 





Works, Stainiess 
Products Div., Pa 
(n,v,w,cc,dd,ee,ff)—Ad p 324 

Deringer Metallurgical Corp., Ill (cc, 
dd,ee, ff) 
Eastern Smelting & Refining Corp., 
Mass (n,0,v,w,z,aa,bb,cc,dd,ee, ff) 
General Plate Div., Metals & Controls 
Corp., Mass (n,v,z,bb,cc,dd) 

Gibson Electric Co., Pa (bb,dd, ff) 

Goldsmith Bros. Smelting & Refining 
Co., Ill (n,0,v,w,z,bb,cc,dd, ff) 

Hagstoz, T.B. & Son, Pa (n,cc,dd,ff) 

Hamilton Watch Co., Precision Metals 
Div., Pa (ff) 

Handy & Harman, NY 
(n,0,q,V,W,2,aa,bb,cc,dd,ee, ff) 

Hanovia Chemical & Mfg. Co., NJ (aa) 

Hardy, Charles, Inc., Mass (aa) 

Hayden Wine Works, Inc., Mass (ff) 

Leach & Garner Co., Industrial Div., 
Mass (n,0,v,bb,cc,dd,ee, ff) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (0,dd,ee, ff) 

Metals & Controls Corp., Mass (n,o, 
q,V,W,z,aa,bb,cc,dd,ee, ff) 

Nesor Alloy Products Co., NJ (dd,ff) 

Ney, J.M. Co., Industrial Div., Conn 
(z,bb,cc,dd, ff) 

Sel-Rex Corp., NJ 
(n,aa) 

Standard Metals Corp., Mass (cc,dd, ff) 

Western Gold & Platinum Co., Calif 
(bb,cc,dd, ff) 

Wildberg Bros. Smelting & Refining 
Co., Calif (n,o,v,w,z,aa,bb,cc,dd, ff) 

Williams Gold Refining Co., Inc., NY 
(n,0,q,V,W,z,aa,bb,cc,dd,ee, ff) 


Steel 


Plywood 


(see Wood) 


Polyamides 
(nylon) 


Ace Plastics Co., NY (bb,dd) 

Adhesive Products Corp., NY (x) 

Allied Chemical Corp., NY (s) 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(bb,dd,ee) 

American Molding Powder & Chemical 
Co., NY (y) 

Anchor Plastics Co., Inc., NY 
(bb,dd,ee) 

Anderson Asso., Inc., Ohio (y) 

Aries Laboratories, Inc., NY (x) 

Allied Chemical Corp., Plastics & Coal 
Chemicals Div., NY (y) 

Bamberger, Claude P., Inc., NJ (y) 

Belding Corticelli Industries, NY (p,x, 
y) 

Catalin Corp. of America, NY (y) 

Chemical Coatings & Engineering Co., 
Inc., Pa (x) 

Chippewa Plastics, Inc., Wis (t) 

Colonial Kolonite Co., Ill (bb,cc,dd,ee) 

Commercial Plastics & Sup- 
ply Corp., NY 
(bb,cc,dd)—Ad p 182 





MATERIALS 


a—Aluminum and its alloys 
b—Copper and its alloys 


d—tLead and its alloys 


BASIC FORMS 
m—Anodes 


o—Bar 
polymers or gums 
p—Base resins, 


q—Billets 





c—lron and its alloys (except steel) 


r—Custom formed parts 
(incl. specialties) 

s—Fibers 

t—Film 

u—Foams (component 
materials or products) 


KEY 


e—Magnesium and its alloys 
f—Nickel and its alloys 
g—Steels 

h—tTitanium and its alloys 


_—_— —_—— ee 


v—Foil 
w—Ingot 


resins 


z—Plate 


x—Laminating, casting 


y—Molding compounds 


j—Zinc and its alloys 
k—Thermoplastics 
i—Thermosetting plastics 
m—Elastomers 


bb—Rod 
ec—Sheet 
dd—Strip 
ee—Tubing 
ff—Wire 











440 « MATERIALS 


IN DESIGN ENGINEERING 


Danielson Mfg. Co., Conn (bb,cc,dd ee) 

du Pont de Nemours, E.I. & Co. 1, 
Del (p,s) ; 

du Pont de Nemours, E.|. & 
Co., Inc., Polychemicais 
Div., Del 
(yX—Ad pp 195, 214-15 

du Pont de Nemours, E.I. & Co. | 
Textile Fibers Div., Del (s) 

Emerson & Cuming, Inc., Mass (py x) 

Fiberfil, Inc., Ind (y) 

Flexible Tubing Corp., Conn (ee) 

Foster Grant Co., Mass (p,t,y,ee) 

Fox Edge Co., Inc., Mass (s) 

Fry Plastics Co., Calif (bb,cc) 

General Mills Inc., Chemical Div., |); 
(p) 

General Plastics Mfg. Co., Wash (bb 
cc,dd,ee) 

Glass Laboratories, NY (bb,dd) 

H & R Industries, Pa (t,bb,cc,dd ec) 

Houghton Laboratories, Inc., NY (x,y) 

Industrial Rayon Corp., NY (s) 

Moore, Samuel & Co., Ohio (ee) 

Muehistein, H. & Co., Inc., NY (y) 

Narmco Resins & Coatings Co., Calif 
(x,y) 

National Polymer Products, Inc., Pa 
(y) 

National 
Co., Del 
(bb,dd,ee)—Ad p 225 


Polymer Corp. of Pennsylvania, Pa (t, 
bb,cc,dd,ee) 
Raybestos-Manhattan, _Inc., 
Products Div., Conn (x) 
Reichhold Chemicals, Inc., NY (p) 
Schwab Plastic Corp., Mich (bb,cc,dd, 
ee) 
Southern Plastics Co., SC (bb,cc,dd, 
ee) 
Spencer Chemical Co., Mo (p,x,y) 
Sunlites Plastics, Inc., Wis (bb,dd,ee) 
Thombert, Inc., Iowa (bb,cc,dd,ee) 
U.S. Gasket Plastics Div., Garlock 
Packing Co., NJ (t,bb,cc,dd,ee) 
Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (bb,dd,ee) 
Western Plastics Corp., Neb (bb,dd,ee) 
Westlake Plastics Co., Pa (t,bb,cc,dd, 
ee) 


Inc., 


ne 
iv 


Vulcanized Fibre 


Plastic 


Polycarbonate 
Plastics 


Commercial Plastics & Sup- 
ply Corp., NY 
(bb,cc,dd,ee) 

Electro Chemical Engineering & Mfo. 
Co., Pa (cc) 

General Electric Co., NY (p,y) 

Southern Plastics Co., SC (bb,cc,dd,ee) 


Polyesters 


Adhesive Products Corp., NY (x) 

Allied Chemical Corp., Plastics & Coal 
Chemicals Div., NY (x) 

Alsynite Co. of America, Calif (cc) 

American Cyanamid Co., Plastics & 
Resins Div., NY (x) 

American Metaseal Corp., NJ (p) 

American Products Mfg. Co., Inc., 
La (p) 

Archer-Daniels-Midland Co., Minn (p) 

Atlas Mineral Products Co., Pa (x) 

Atlas Powder Co., Chemicals 
Div., Del 
(p,x,y—Ad p 203 

Auburn Plastic Engineering, Ili (bb,cc) 

Auburn Plastics, Inc., NY (bb,cc,dd, 
ee) 

Bakelite Co., Div. of Union Carbide 
Corp., NY (p,x) 

Boonton Molding Co., NJ (x) 

Booty Resineers, Inc., NJ (p) 

Brown Rubber Co., Inc., Ind (u) 

Burkart, F. Mfg. Co., Div. of Textron 
Inc., Mo (u) 

Cadillac Plastic & Chemical Co., Mich 
(t,x,cc) 

Calfibe Co., Inc., Callf (cc,ee) 














Cast Optics Corp., NJ 
(cc) 
Celanese Corp. of America, 
Plastics Div., NJ 
(p)—Ad pp 183-86 
Chemical Process Co., Calif (p,x,y) 
Coating Products, Inc., NJ 
(t,cc—Ad p 291 


Colonial Kolonite Co., Ill (cc) 

Continental-Diamond Fibre Corp., Del 
(bb,cc,dd,ee) 

Cordo Chemical Corp., Conn 
(x,y) 

Corrulux Div., L.0.F. Glass Fibers Co., 
Tex (cc) 

Dayton Rubber Co., Ohio (x,y) 

Dobeckmun Co., Div. of Dow Chemical 
Co., Ohio (x) 

Douglas & Sturgess, Calif (x,y) 

du Pont de Nemours, E.I. & Co., Inc., 
Del (p,s) 

du Pont de Nemours, E.I. & Co., Inc., 
Film Div., Del (t) 

du Pont de Nemours, E.I. & Co., Inc., 
Textile Fibers Div., Del (s) 

Durez Plastics Div., Hooker 
Chemical Corp., NY 
(p,x,y)—Ad pp 192-93 

Everlite Corp., Wash (cc) 

Falge Engineering Corp., Md (t) 

Fasson Products, Ohio (t) 

Fiber Glass Industries, Inc., NY (x,y, 
cc) 

Flexfirm Products, Calif (s,y) 

Flexible Tubing Corp., Conn (ee) 

Foamade Industries, Mich (u) 

Foss Mfg. Co., Plastics Div., Id (p) 

Fry Plastics Co., Calif (p,x) 

Galigher Co., Utah (p,s,x) 

General Electric Co., NY (x) 

General Plastics Mfg. Co., Wash (x, 
cc) 

General Tire & Rubber Co., Chemical 
Div., Ohio (p) 

Glass Reinforced Plastics Corp., Ohio 
(bb,ee) 

Glastic Corp., Ohio (u,y,bb,cc) 

Glidden Co., Ind (p) 

Goodrich, B.F. Co., Sponge Products 
Div., Conn (u) 

Hall, C.P. Co., Ohio (p) 

Haskelite Mfg. Corp., Mich (cc,dd) 

Hastings & Co., Inc., Pa (t) 

Haveg Industries, Inc., Del (cc) 

Hays Mfg. Co., Pa (y,cc) 

Heil Process Equipment Corp., Ohio 
(x,cc) 

Interchemical Corp., NY (p,x,y) 

Interchemical Corp., Finishes Div., NJ 
(p) 

Kish Industries, Inc., Mich (x) 

Laminated Plastex Corp., Ohio (x,cc) 

Lewis, G.B. Co., Wis 
(y,bb,dd,ee) 

Loven Chemical of California, Calif 
(p) 

Luminous Resins, Inc., Ill (y) 

Maloney, F.H. Co., Tex (x,y) 

Micarta Div., Westinghouse Electric 
Corp., SC (p,y) 

Minnesota Mining & Mfg. Co., Minn 
(s) 

Mobay Chemical Co., Mo (p) 

Muehistein, H. & Co., Inc., NY (p) 

Narmco Resins & Coatings Co., Calif 
(x,y,dd) 

National 
Co., Del 
(cc) 

Naugatuck Chemical Div., U.S. Rubber 
Co., Conn (p,u,x,y) 

Nopco Chemical Co., NJ (p) 

Omni Products Corp., NY (p) 

Ormond Mfg. Co., Inc., NJ (cc,dd) 

Panelyte Div., St. Regis Paper Co., 
NY (x,y,ce) 

Pelron Corp., Ill (p,x,y) 

a & Specialty Co., Inc., Pa 
cc 

Philrus Products Co., NJ (bb,cc,dd) 

Pittsburgh Plate Glass Co., Pa (p) 

Plumb Chemical Corp., Pa (y) 

Polygon Plastic Co., Ind (bb,ee) 

Porter, William Co., Calif (ee) 


Vulcanized Fibre 








Precision Paper Tube Co., Ill (ee) 

Reichhold Chemicals, Inc., NY (p,u,x) 

Robertson, H.H. Co., Pa (p) 

Rohm & Haas Co., Pa 
(x,y) 

Rubber Corp. of America, NY (u) 

Schori Process Div., Ferro-Co Corp., 
NY (cc,ee) 

Schwab Plastic Corp., Mich (u) 

Schwartz Chemical Co., Inc., NY (x) 

Sheller Mfg. Corp., Mich (u) 

Specialty Resins Co., Calif (p,x) 

Strick Plastics Co., Pa (u,cc,dd) 

Sun Chemical Corp., Electro Technical 
Div., NJ (p,x) 

Swediow Plastics Co., Calif (cc) 

Texas Plastic Development Corp., Tex 
(p) 

Thalco, Calif (p) 

Thermaflow Chemical Corp., 

Thiokol Chemical Corp., NJ (p) 

United Shoe Machinery Corp., 
(x) 

U.S. Polymeric Chemicals, Inc., Conn 
(s) 

U.S. Rubber Co., NY (p,u,x) 

Varflex Corp., NY (ee) 

Williamson Adhesives, Inc., II! (y) 

Witco Chemical Co., Ill (p,u) 

Woodall Industries, Inc., Mich (y) 

Zenith Plastics Co., Sub. of Minnesota 
Mining & Mfg. Co., Calif (u) 


Pa (p) 


Mass 


Polyethylenes 


aaRBee Plastic Co., Calif (y) 

Ace Plastic Co., NY (bb,cc,dd,ee) 

Adhesive Products Corp., NY (x) 

Advance Screw Products Co., Inc., Wis 
(bb) 


Aladdin Products Co., NY (t,ee) 

Allied Resinous Products, Inc., Ohio 
(y,bb,cc,dd,ee) 

Alpha Wire Corp., NY (ee) 

American Agile Corp., Ohio (bb,cc,dd, 
ee) 

American Hard Rubber Co., 
Div. of Amerace Corp., NY 
(bb,dd)—Ad pp 196-7 

American Molding Powder & Chemical 
Co., NY (y) 

Anchor Plastics Co., Inc., NY 
(bb,dd,ee) 

Anderson Asso., Inc., Ohio (y) 

Anesit Co., Ill (ee) 

Auburn Plastic Engineering, Ill (t,bb, 
cc) 

Bakelite Co., Div. of Union Carbide 
Corp., NY (p,y) 

Bamberger, Claude P., Inc., NJ (p,y) 

Blacher, B., NY (t) 

Blank, Arthur & Co., Inc., Mass (t) 

Blossom Mfg. Co., Inc., NY (t,cc) 

Cadillac Plastic & Chemical Co., Mich 
(t,bb,cc,dd,ee) 

Campco Div., Chicago Molded Products 
Corp., Ill (t,cc) 

Capac Industries, Inc., Mich (cc) 

Carlon Products Corp., Ohio (t) 

Carroll, J.B. Co., Ill (cc) 

Carroll Plastic Compounding Corp., 
_ of Plastiglide Mfg. Corp., Calif 
y) 

Catalin Corp. of America, NY (y) 

Celanese Corp. of America, 
Plastics Div., NJ 
(p,t,y)—Ad pp 183-86 

Celluplastic Corp., NJ (bb,ee) 

Chester Packaging Div., St. Regis Pa- 
per Co., NY (t,cc) 

Chippewa Plastics, Inc., Wis (t,ee) 

Clopay Corp., Ohio (t,cc) 

Clover Industries, Inc., NY (y) 

Colonial Kolonite Co., Ill (bb,cc,ee) 

Commercial Plastics & Sup- 
ply Corp., NY 
(bb,cc,dd,eeh—Ad p 182 

Conneaut Rubber & Plastics Co., Ohio 
(t,x,y,bb,cc,dd) 

Contour Extrusion Co., NY (t,bb,cc,dd, 
ee) 

Copper and Brass Sales, Inc., Mich 
(ee) 

Coyne & Paddock, Inc., NY (y) 








Crescent Plastics, Inc., Ind (ee) 

CrystalX Corp., Pa (t,bb,cc,dd,ee) 

Danielson Mfg. Co., Conn (bb,ee) 

Dapol Plastics, Inc., Mass (y) 

Davis, Joseph Plastics Co., NJ (t,y, 
bb,cc,dd,ee) 

Denver Plastics, Inc., Colo (t,u,bb,cc, 
dd,ee) 

Designers Metal Corp., III (cc) 

Dobeckmun Co., Div. of Dow Chemical 
Co., Ohio (x) 

Dow Chemical Co., 
Div., Mich 
(p,t,yX—Ad pp 189, 198 

du Pont de Nemours, E.I. & Co., Inc., 
Del (p) 

du Pont de Nemours, E.I. & 


Plastics 


Co., Inc., Polychemicals 
Div., Del 
(y) 


Dura-Lee Corp., Mo (t) 

Durethene Corp., Ill (t) 

Eastman Chemical Products, Inc., Tenn 
(p,u,y) 

Eclipse Plastic Industries, Inc., 
(bb,cc,dd,ee) 

Extruders, Inc., Calif (t) 

Falge Engineering Corp., Md (t) 

Fiberfil, Inc., Ind (y) 

Firestone Plastics Co., Pa (t,bb) 

Foss Mfg. Co., Plastics Div., Id (t) 

Foster Grant Co., Mass (t) 

Galigher Co., Utah (bb,cc,dd,ee) 

Garlock Packing Co., NY 
(y) 

Geauga Industries Co., Ohio (bb,dd) 

General Electric Co., NY (t) 

General Gasket, Inc., Conn (t,cc) 

General Plastics Corp., Ind (cc) 

General Plastics Mfg. Co., Wash (cc) 

General Tire & Rubber Co., Ind (t,cc) 

Genesee Laboratory, Inc., NY (ee) 

Gering Products Inc., NJ (t,y) 

Glass Laboratories, NY (bb,dd) 

Goodrich-Gulf Chemicals, Inc., Ohlo 
(p) 

Grace, W.R. & Co., Polymer Chemi- 
cals Div., NJ (p,y) 

H & R Industries, Pa (t,bb,cc,dd,ee) 

Harte & Co., Inc., NY (t,cc) 

Hastings & Co., Inc., Pa (t) 

Hercules Powder Co., Inc., Del (p,y) 

Hydrawlik Co., NJ (bb,dd) 

Industrial Plastics Corp., Ind (bb,dd) 

Jet Specialties Co., Inc., Calif (bb,cc, 
dd,ee) 

KSH Plastics, Inc., Mo (bb,cc,dd) 

Kaykor Industries, Inc., Div. of Kaye- 
Tex Mfg. Corp., NJ (cc) 

Koppers Co., Inc., Chemical Div., Pa 
(p,y) 

Kuss, R.L. & Co., Inc., Ohio (t) 

Luminous Resins, Inc., Ill (y) 

Lus-Trus Corp., Mich (cc) 

Maloney, F.H. Co., Tex (y) 

Manufacturers Corp., Ohio (ee) 

Mason Envelope Co., Inc., NY (t) 

Mayon Plastics, Minn (ee) 

Midwest Plastic Products Co., Ill (t, 
cc) 

Molded Fiber Glass Co., Ohio 
(cc) 


Monsanto Chemical Co., Plastics Div., 
Mass (p,y) 

Moore, Samuel & Co.,Ohio (ee) 

Muehistein, H & Co., Inc., NY (y) 

Murray, A.B. Co., Inc., NJ (ee) 

Nalge Co., Inc., NY (ee) 

National Gasket & Washer Mfg. Co., 
Inc., NY (bb,cc,dd,ee) 

National Tube Div., U.S. Steel Corp., 
Pa (ee) 

New England Tape Co., Inc., Mass 
(dd) 

Olin Mathieson Chemical Corp., Film 
Div., NY (t,ee) 

Omni Products Corp., NY (y) 

Ormond Mfg. Co., Inc., NJ (cc,dd) 

Pacific Coast Foil Co., Calif (t) 

Panelyte Div., St. Regis Paper Co., 
NY (t,cc,ee) 

Penn Fibre & Specialty Co., Inc., Pa 
(bb,cc,dd,ee) 

Perfex Plastics, Inc., Il! (bb,dd,ee) 

Phillips Chemical Co., Plas- 


Fla 





| 





Okla 


tics Sales Div., 
(p)—Ad pp 221-4 


Plastic Materials, Inc., NY (y) 

Plastic Packaging Co., Ill (t) 

Plax Corp., Conn (t,cc) 

Polo Plastics Co., Wis (t) 

Polyplastic Products, Inc., NJ (t,cc) 

Precision Paper Tube Co., Ill (cc) 

Presto Plastic Products Co., Inc., NY 
(t,cc) 

Pyramid Industries, Inc., Pa (ee) 

Pyramid Plastics, Inc., Ill (bb,dd,ee) 

Reed Plastics Corp., Mass (y) 

Reliance Plastic & Chemical 
NJ (t,bb,dd) 

Reynolds Aluminum Supply Co., Ga (t) 

Reynolds Metals Co., Ky (t,cc) 

Ross & Roberts, Inc., Conn (t) 

Rubber & Plastics Compound Co., Inc., 
NY (t) 

Russell Mfg. Co., Conn (s) 

Schwab Plastic Corp., Mich (u,bb,cc, 
dd,ee) 

Scranton Plastic Laminating Corp., Pa 
(cc) 

Seiberling Rubber Co., Plastics Div., 
Ohio (bb,cc) 

Shaw-Kendall 
(ee) 

Sheller Mfg. Corp., Mich (u) 

Shellmar-Betner Flexible Packaging 
Div., Continental Can Co., Inc., NY 
(t,cc) 

Simon Products Co., Ill (t) 

Snyder Mfg. Co., Inc., Ohio (t,cc) 

Southern Plastics Co., SC (bb,cc,dd,ee) 

Spencer Chemical Co., Mo (p,x,y) 

Staver Co., Inc., NY (cc,dd) 

Sunlites Plastics, Inc., Wis (bb,dd,ee) 

Superior Plastics, Inc., Ill (bb,cc,dd, 
ee) 

Supplex Co., Div. of Amerace Corp., 
NJ (y,dd,ee) 

Technical Tape Corp., NY (t,cc,ee) 

Thombert, Inc., Iowa (cc,ee) 

Triangle Conduit & Cable Co., Inc., NJ 
(ee) 

U.S. Industrial Chemicals Co., Div. of 
National Distillers & Chemical Corp., 
NY (p,x,y) 

U.S. Stoneware Co., NY (y) 

Varflex Corp., NY (ee) 

Visking Co., Plastics Div., 
cc) 

Vogt Mfg. Corp., NY (bb,dd) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (s,bb,dd,ee) 

Western Felt Works, Ill 
(cc) 

Western Plastics Corp., Neb (bb,dd,ee) 

Western Plastics Corp., Wash (ee) 

Westlake Plastics Co., Pa (t,bb,cc,dd, 
ee) 

Woodall Industries, Inc., Mich (cc) 

World Plastex, NY (bb,cc,dd) 

World Plastics, NY (bb,cc,dd,ee) 


Corp., 


Engineering Co., Ohio 


Ind (t, 


Polystyrenes 
(incl. copolymers and modifications) 


aaRBee Plastic Co., Calif (y) 

Ace Plastic Co., NY (bb,cc,dd,ee) 

Adhesive Products Corp., NY (x) 

Ambassador Plastics & Mfg. Corp., Ill 
(u) 

American Cyanamid Co., NY (y) 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(bb,cc,dd,eeh—Ad pp 196-7 

Anchor Plastics Co., Inc., NY 
(bb,dd,ee) 

Anderson Asso., Inc., Ohio (y) 

Anesit Co., Ill (ee) 

Auburn Plastics, Inc., NY (bb,cc,dd, 
ee) 

Bakelite Co., Div. of Union Carbide 
Corp., NY (p,y) 

Bamberger, Claude P., Inc., NJ (p,y) 

Blank, Arthur & Co., Inc., Mass (cc) 

Cadillac Plastic & Chemical Co., Mich 
(x,bb,cc,dd,ee) 

Campco Div., Chicago Molded Prod- 
ucts Corp., Ill (t,cc) 

Capac Industries, Inc., Mich (cc) 
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Catalin Corp. of America, NY (y) 
Chemical Development Corp., Mass (p) 
Chippewa Plastics, Inc., Wis (bb) 


Coating Products, Inc., NJ 
(t,cc) 

Colonial Art Co., Inc., Mass (cc) 

Colonial Kolonite Co., Ill (bb,cc,ee) 


Commercial Plastics & Sup- 
ply Corp., NY 
(bb,cc,dd)—Ad p 182 
Conneaut Rubber & Plastics Co., Ohio 
(y,bb,cc,dd) 
Crescent Plastics, Inc., Ind (ee) 
CrystalIX Corp., Pa (t,bb,cc,dd,ee) 
Dapol Plastics, Inc., Mass (y) 
Denver Plastics, Inc., Colo (u) 
Dewey & Almy Chemical Co., Div. of 
W.R. Grace Co., Mass (p) 
Dobeckmun Co., Div. of Dow Chemical 
Co., Ohio (x) 


Dow Chemical Co., 
Div., Mich 
(p,t,u,y)—Ad pp 189, 198 

Dryden Rubber Div., Shelier 
Corp., Ill (y) 

Dumont Corp., Calif (u) 

Dura Plastics of New York, Inc., NY 
(bb,cc) 

Eclipse Plastic Industries, Inc., Fla 
(bb,cc,dd,ee) 

Emerson & Cuming, Inc., Mass (u,x,bb) 

Fiberfil, Inc., Ind (y) 

Firestone Plastics Co., Pa (p) 

Foster Grant Co., Mass (p,s,y,cc) 

Fry Plastics Co., Calif (cc) 

Galigher Co., Utah (bb,cc,dd,ee) 

General Plastics Corp., Ind (cc) 

General Plastics Mfg. Co., Wash (bb, 
cc,dd,ee) 

Gering Products Inc., NJ (y,bb,dd) 

Glass Laboratories, NY (bb,dd) 

Glo-Brite Products, Inc., Ill (u,y,ce) 

Goodyear Tire & Rubber Co., Ohio (y) 

H & R Industries, Pa (bb,cc,dd,ee) 

Haskelite Mfg Corp., Mich (u) 

Hayden Wire Works, Inc., Mass (x) 

Industrial Plastics Corp., Ind (bb,dd) 

KSH Plastics Inc., Mo (bb,cc,dd) 

Kaykor Industries, Inc., NJ (cc) 

Koppers Co., Inc., Chemical Div., Pa 
(p,u,y) 

Laminated Plastex Corp., Ohio (x,cc) 

Luminous Resins, Inc., Ill (y) 

Lus-Trus Corp., Mich (cc) 

Maloney, F.H. Co., Tex (x,y) 

Manufacturers Corp., Ohio (ee) 


Marbon Chemical Div., Borg- 
Warner Corp., ind 
(p,y)—~—AG pp 210-11 

Midwest Plastic Products Co., Ill (t, 
cc) 

Monsanto Chemical Co., Mass (p,y) 

Muehistein, H. & Co., Inc., NY (p,y) 

Murray, A.B. Co., Inc., NJ (ee) 

Naugatuck Chemical Div., U.S. Rubber 
Co., Conn (p,y) 

Nesbitt Industries, Inc., Ill (u) 

Nixon Nitration Works, NJ (cc) 

Northwest Plastics Industries, 
Wash (u) 

Omni Products Corp., NY (y) 

O'Sullivan Rubber Corp., Va (cc) 

Panelyte Div., St. Regis Paper Co., 
NY (u,bb,cc) 

Perfex Plastics, Inc., Il] (bb,dd,ee) 

Plastic Materials, Inc., NY (y) 

Plax Corp., Conn (t,cc) 

Polymer Corp. of Pennsylvania, Pa 
(bb,cc) 

Precision Paper Tube Co., Ill (ee) 

Pyramid Plastics, Inc., Il! (bb,dd,ee) 

Reed Plastics Corp., Mass (y) 

Schwab Plastic Corp., Mich (u,bb,cc, 
dd,ee) 

~<— Plastic Laminating Corp., Pa 
cc) 

Seiberling Rubber Co., Plastics Div., 
Ohio (bb,cc) 

Sheller Mfg. Corp., Mich (u) 

Snyder Mfg. Co., Inc., Ohio (t,cc) 


Plastics 


Mfg. 


Inc., 





Suppliers of Materials 


Southern Plastics Co., SC (bb,cc,dd,ee) 

Strick Plastics Co., Pa (u) 

Sunlites Plastics, Inc., Wis (bb,dd,ee) 

Superior Plastics, Inc., Ill (bb,cc,dd, 
ee) 

Toyad Corp., Pa (u) 

United Shoe Machinery Corp., 
(p,u) 

U.S. Rubber Co., 
(p) 

Walsen Consolidated Mercantile Co., 
NY (y) 

Western Felt Works, Il 
(cc) 

Western Plastics Corp., Neb (bb,dd,ee) 

Western Plastics Corp., Wash (ee) 

Westlake Plastics Co., Pa (t,y,bb,cc, 
dd,ee) 

Woodall! Industries, Inc., Mich (cc) 

World Plastex, NY (bb,cc,dd) 

World Plastics, NY (bb,cc,dd,ee) 


Mass 


Royalite Div., NY 


Polysulfide Rubber 


Adhesive Products Corp., NY (x) 

Allis Rubber Dlv., Chicago-Allis Mfg. 
Corp., Ill (p) 

Aries Laboratories, Inc., NY (p) 

Armstrong Cork Co., Pa (bb,cc,dd) 

Belko Corp., Md (y) 

Boruski, Ernest F, Jr., NY (p) 

Castle Rubber Co., Pa (y,bb,cc,dd,ee) 

Chemical Coatings & Engineering Co., 
Inc., Pa (y) 

Dayton Rubber Co., Ohio (y,bb,cc,dd, 
ee) 

Garlock Packing Co., NY 
(y,cc) 

Home Rubber Co., NJ (y,bb,cc,dd) 

Maloney, F.H. Co., Tex (y) 

Parker Seal Div., Parker-Hannifin 
Corp., Ohio (u) 

Parker, Stearns & Co., Inc., NY (y, 
bb,cc,dd,ee) 

Raybestos-Manhattan _Inc., 
Products Div., Conn (x) 

Thiokol Chemical Corp., NJ (p,x,y) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (p,y,cc) 

Vulcanized Rubber & Plastics Co., Pa 
(y) 

Western Feit Works, Ill 
(y,cc,dd,ee) 

Williams-Bowman Rubber Co., Ill (y, 
bb,cc,dd,ee) 


Plastic 


Poiyvinyl Alcohols 


(see Vinyls) 


Polyvinyl Chloride 


and Copolymers 
(see Vinyls) 


Porcelain 
(see Ceramics) 


Porcelain Enamels 
(see Inorganic Coatings) 


Powdered Metals 


(see Iron Powders or specific metal) 


Precoated Metals 


— Aluminized 


American Chain & Cable Co., Pa (g) 

American Steel & Wire Div., U.S. 
Steel Corp., Ohio (9) 

Armco Steel Corp., Ohio (4g) 

Bethlehem Steel Co., Pa (c,9) 

Biersach & Niedermeyer Co., Wis (a) 





Brasco Mfg. Co., Ill (g) 

Clad-Rex Corp., Ill (a,g) 

Colonial Alloys Co., Pa. (a) 

Enamel Products Co., Ohio (g) 

Gillett & Eaton, Inc., Minn (c) 

Ideal Can Co., Mass (g) 

Jackson Steel Products, Inc., NY (g) 

Kees, F.D. Mfg. Co., Neb (g) 

Mayville Metal Products Co., Wis (9) 

National Galvanizing Co., Pa (9) 

Olin Mathieson Chemical Corp., Alu- 
minum Div., NY (a) 

Page Steel & Wire Div., 
Chain & Cable Co., Inc., 

Sun Steel Co., Ill (g) 


Tickle, Arthur Engineering 
Works, Inc., NY 
(c,g)—Ad p 290 

U.S. Steel Corp., Pa 
(g) 

Whitehead Metal Products Co., Inc., 
NY (g) 

Whyte, Oliver Co., Inc., 


American 
Pa (g) 


Mass (g) 


Precoated Metals 
—Galvanized 


Albert Pipe Supply Co., Inc., NY (g) 

American Sheet Metal Works, Inc., 
Conn (g) f 

American Steel & Wire Div., U.S. 
Steel Corp., Ohio 

Anderson-Bolling Mfg. Co., Mich (g) 

Armco Steel Corp., Ohio (g) 


Associated Spring Corp., 
Wallace Barnes Div., Conn 
(g) 

Atlantic Steel Co., Ga (gq) 

Bethlehem Steel Co., Pa (c,g) 

Biersach & Niedermeyer Co., Wis (g) 

Bignall Co., NY (c) 

Brasco Mfg. Co., Ill (9) 

Brewer-Titchener, Corp., NY (g) 

Clad-Rex Corp., Colo (g) 

Conner Mfg. Co., Ky (g) 

Continental Nu-Steel Metal Products 
Div., Continental Wire & Iron 
Works, Ill (g) . 

Continental Steel Works, Corp., Ind (g) 


Edgcomb Steel & Aluminum 
Corp., NJ 
(g) 

Empire-Reeves Steel Div., Universal- 
Cyclops Steel Corp., Pa (g) 

Enterprise Galvanizing Co., Pa (gq) 

Grand Sheet Metal Products Co., Con- 
sumer Products Div., Ill (c) 

Granite City Steel Co., Ill (g) 

Hobbs, Clinton E. Co., Mass (c,g) 

Ideal Can Co., Mass (9) 

Inland Steel Co., Ill (g) 

Jackson Steel Products, Inc., NY (g) 

Jones & Laughlin Steel Corp., Strip 
Steel Div., Pa (g) 

Kaiser Steel Corp., Calif (9) 

Kelley Mfg. Co., Tex (g) 

Koehler Mfg. Co., Mass (c,g) 

Kroh Wagner, Ill (g) 

Levinson Steel Co., Pa (9) 

Mahon, R.C. Co., Mich (g) 

Mayville Metal Products Co., Wis (g) 

McNally Pittsburg Mfg. Co., Kan (g) 

Metal Goods Corp., Tex (g) 

National Galvanizing Co., Pa (gq) 

National Tube Div., U.S. Steel Corp., 
Pa (g) 

National-Standard Co., Mich (9) 

New York Iron Roofing & Corrugating 
Co., Inc., NJ (9) 

Newport Steel Corp., Ky (g) 

Nikoh Tube Co., Ill (9) 

Northwestern Steel & Wire Co., Ill (g) 

Page Steel & Wire Div., American 
Chain & Cable Co., Inc., Pa (g) 

Parker Metal Goods Co., Mass (g) 

— Steel Corp., Ohio 
9 

Riverside Foundry & Galvanizing Co., 
Mich (c,g)—Ad p 78-9 





Letters in ( ) indicate materials and forms—turn page for key 
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Roebling’s, 
(g) 

Ryerson, Joseph T. & Son, Inc., Ii 
(g) 

Sharon Steel Corp., Pa (g) 

Sherman & Reilly, Inc., Tenn (e,f 9) 

Southern Galvanizing Co., Md (g) 

Southern Metal Products Co., La ( 

Stenman, Bror F., Mass (g) 

Sun Steel Co., Ill (g) 


Thomas Strip Div., Pittsburgh 
Steel Co., Pa 
(g)—Ad pp 74-5 

U.S. Steel Corp., Pa 
(g) 

Vulcan Rail & Construction Co., Ny 
(g) 

Weirton Steel Co., Div. of 
National Steel Corp., W.Va 
(g)—Ad p 71 

Wesbar Stamping Corp., Wis (c,o) 

Wheeling Steel Corp., W.Va (g) 

Witt Cornice Co., Galvanizing Diy., 
Ohio (g) 

Worcester Wire Works Div., National. 
Standard Co., Mass (g) 

Youngstown Kitchens Div., American 
Standard Co., Ohio (a,g) 

Youngstown Sheet & Tube Co., Ohio 
(g) 


John A. Sons Corp., NJ 


g 


Precoated Metals 
—Lead or Terne- 
Coated 


Acme Stamping & Mfg. Co., Pa (a, 
b,9) 

American Brass Co., NY (b) 

American Sheet Metal Works, Inc., 
Conn (g) 

Anderson-Bolling Mfg. Co., Mich (g) 

Armco Steel Corp., Ohio (c,g) 

Biersach & WNiedermeyer Co., Wis (q) 

Brasco Mfg. Co., Ill (g) 

Bridgeport Brass Co., Conn (b) 

Cartwright, R. Tube Products Co., 
Mich (g) 

Caspers Tin Plate Co., Ill (9) 

Chase Brass & Copper Co., Conn (b) 

Empire-Reeves Steel Div., Universal- 
Cyclops Steel Corp., Pa (g) 

Follansbee Steel Corp., Sheet Metal 
Specialty Div., W.Va (g) 

Hayden Wire Works, Inc., Mass (d) 

Higbie Mfg. Co., Mich (g) 

Houston Blow Pipe & Sheet Metal 
Works, Tex (g) 

Hussey, C.G. & Co., Div. of Copper 
Range Co., Pa (b) ' 

Ideal Can Co., Mass (9) 

Langsenkamp, F.H. Co., Ind (b) 


Mallory-Sharon Metals Corp., 
Ohio 
(g) 

Metal Goods Corp., Tex (b) 

National Lead Construction Co., Inc., 
NJ (d) 

New Haven Copper Co., Conn (b) 

Nikoh Tube Co., Ill (9) 

Philadelphia Steel & Wire Corp., Pa 
(g) 

Republic Steel Corp., Ohio 
(g) 

Revere Copper & Brass, Inc., NY (b) 

Ryerson, Joseph T. & Son, Inc., (g) 

Sandvik Steel, Inc., NJ 
(9) 

Sharon Steel Corp., Pa (9) 

Steel Protection & Chemical Co., Ind 
(a,b,c,f,9) 

Sun Steel Co., Ili (g) 

Thomas Strip Div., Pittsburgh 
Steel Co., Pa 
(g)—Ad pp 74-5 

= Steel Corp., Pa 
9 

Wayne Foundry & Stamping Co., Mich 
(g) 

Weirton Steel Co., Div. of 
National Steel Corp., W.Va 
(g) 

Wesbar Stamping Corp., Wis (c,9) 

Wheeling Steel Corp., W.Va (g) 








sh 


lY 





Whitehead Metal Products Co., Inc., 
NY (b,g) 


wisconsin Tool & Stamping Co., Ill | 


(g) 
Youngstown Kitchens Div., 
Standard Co., Ohio (a,g) 


American 


Precoated Metals 
—Tin-Coated 


Acme Stamping & Mfg. Co., Pa (a,b,9) 
American Sheet Metal Works, Inc., 
Conn (g) 

Anderson-Bolling Mfg. Co., Mich (9) 
Associated Spring Corp., 
Wallace Barnes Steel Div., 
Conn 
(g) 

Bethlehem Steel Co., Pa 
Brasco Mfg. Co., Ill (9g) 
Caspers Tin Plate Co., Ill (g) 

Conner Mfg. Co., Ky (g) 

Granite City Steel Co., Ill (9) 
Inland Steel Co., Ill (g) 

Jones & Laughlin Steel Corp., Strip 
Steel Div., Pa (g) 

Kaiser Steel Corp., Calif (g) 
Koehler Mfg. Co., Mass (c,g) 
Lundquist Tool & Mfg. Co., Inc., Mass 
(a,g) 

Philadelphia Steel & Wire Corp., Pa 
(g) 

Republic Steel Corp., Ohio 
(g) 

Riverside Foundry Co., Pa (c) 

Smithers Tool & Machine Products, 
Inc., NY (9) 

Somers Brass Co., Conn (b,f) 

Steel Protection & Chemical Co., Ind 
(a,b,c,f,g) 

Sylvania Electric Products, 
Inc., Parts Div., Pa 

(b) 

Sun Steel Co., Ill (g) 


U.S. Steel Corp., Pa 
(g) 

Wabash Metal Products Co., Inc., Ind 
(g) 

Weirton Steel Co., Div. of 
National Steel Corp., W.Va 
(g) 

Wheeling Steel Corp., W.Va (gq) 

Wisconsin Tool & Stamping Co., Ill (9) 

Youngstown Sheet & Tube Co., Ohio 
(g) 


(c,g) 


Pre-impregnated 
Materials for 


Plastic Laminates 


American Plastics Corp., NY (1) 
American Reinforced Plastics Co., 
Conn (1) 

Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Ohio (I) 
Coast Mfg. & Supply Co., Calif (I) 
Cordo Chemical Corp., Conn 

(k,1,m) 
Eljay Corp., Md (k,!) 
Emerson & Cuming, Inc., Mass (k,I,m) 
Fabricon Products Div., Eagle-Picher 
Co., Mich (1) 
Flexfirm Products, Calif (k,1) 
Flexible Tubing Corp., Conn (k) 
General Plastics Corp., NJ (k) 
Haveg Industries Inc., Del (i) 
Luminous Resins Inc., Ill (k) 
Maloney, F.H. Co., Tex (1) 
Mica Insulator Div., Minnesota Mining 
& Mfg. Co., NY (1) 
Micarta Div., Westinghouse Electric 
Corp., SC (1) 
——_ Mining & Mfg. Co., Minn 
Modiglass Fibers, Inc., NJ (k,!) 
Narmco Resins & Coating Co., Calif (i) 
Panelyte Div., St. Regis Paper Co 
NY (1) 
Raybestos Div., Raybestos-Manhattan, 
Inc., Conn (1) 
Riegel Paper Corp., NY (k,!) 








Rogers Corp., Conn (1) 
Russell Mfg. Co., Conn (1) 
Spaulding Fibre Co., Inc., NY 


(1) 
Standard Insulation Co., Plastics 
Div., NJ (I) 


Sun Chemical Corp., Electro Technical 
Div., (k,I,m) 

Swediow Plastics Corp., Calif (I) 

U.S. Polymeric Chemicals, Inc., Conn 
(k,m) 


Prepainted Metals 


(see Organic Coatings) 


Preplated Metals 


(chromium, nickel) 


Aluminum Co. of America, Pa (a) 
Aluminum Specialty Co., Wis (a) 
American Nickeloid Co., Ill (a,b,9,j) 
American Silver Co., Inc., NY (b,f,9) 
Apollo Metal Works, Ill (b,c,9,j) 
Benjamin Electric Mfg. Co., Ill (9) 
Chromalloy Corp., NY 
(g) 

Enamelstrip Corp., Sub. of National 
Steel Corp., Pa (a,b,c,f,9,h,j) 

Everard Tap & Die Corp., NY (a,b,c,9) 

Fromson Orban Co., Inc., NY (a) 

Grand Sheet Metal Products Co., 
Consumer Products Div., Ill (a,b,c, 
e,f,9,h,J) i 

Hayden Wire Works, Inc., Mass (a,b, 
f,j) 

Kroh Wagner, Ill (a,g) 

Mechanical Steel Tubing Corp., NY (g) 

Metal Trims, Inc., Miss (a) 

National-Standard Co., Mich (g) 

Republic Steel Corp., Ohio 
(g) 

Rigidized Metals Corp., NY (a,9) 

Roebling’s, John A. Sons Corp., NJ (g) 

Sun Steel Co., It (g) 

Sylvania Electric Products, 
Inc., Parts Div., Pa 
(a,b,c,f,9) 

Thomas Strip Div., Pittsburgh 
Steel Co., Pa 
(b,f,)—Ad pp 74-5 

Weirton Steel Co, 
National Steel Corp., W.Va 
(g) 

Wickwire Spencer Steel Div., Colo- 
rado Fuel & Iron Corp., NY (g) 
Worcester Wire Works Div., National- 

Standard Co., Mass (g) 


Pressure Sensitive 
Tapes 


(see tapes) 


Protein Plastics 


Adhesive Products Corp., NY (x) 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(bb,cc,dd,ee) 

American Plastics Corp., NY (bb,cc) 

Borden Co., Chemical Div., NY (p) 

Chemical Process Co., Calif (x) 

National Casein Sales, Ill (p) 


Reichhold Chemicals, Inc., NY (p) 
Quartz 
(see Ceramics) 
Refractories 
American Insulator Corp., Pa 
(r) 
Baxter Foundry & Machine Works, 
Inc., Id (r) 


Carborundum Co., NY 
(r,z,bb,ee)—Ad p 244 

Cedar Heights Clay Co., Ohio (r,aa) 

Commercialores, Inc., SC (aa) 

Coors Porcelain Co., Colo (r,z,bb,cc,ee) 





Div. of | 








Corning Glass Works, NY 
(r) 

Dixon, Joseph Crucible Co., NJ (r) 

Du-Co Ceramics Co., Pa (r,z,aa,bb,ee) 

Electrical Refractories Co., Ohio (r, 
bb,ee) 


Electro Refractories & Abrasives Corp., | 


NY (r) 
Emerson & Cuming, Inc., 
Ferro Corp., Ohio (aa) 
Foote Mineral Co., Pa (aa) 
General Ceramics Corp., NJ (r) 
General Refractories Co., Pa (r) 
Gladding, McBean & Co., Calif (r) 
Green, A.P. Fire Brick Co., Mo (r,s) 
Haws Refractories Co., Pa (r) 
Ironton Fire Brick Co., Ohio (r) 
Laboratory Equipment Corp., Mich (r) 
Louthan Mfg. Co., Div. of Ferro 
Corp., Ohio (r,z,bb,cc,ee) 
Malvern Brick & Tile Co., Ark (r) 
McCrady Refractories, Inc., Pa (aa) 
Morganite, Inc., NY (r,ee) 
North American Refractories Co., Ohio 
(r) ‘ 


Mass (r) 


Norton Co., Mass 
(r,aa,ee) 

Porter, H.K. Co., Inc., Refractories 
Div., Pa (r) 

Refractory & Insulation Corp., NY 
(r,aa) 


Refractory Specialties Co., Pa (r) 
Sauereisen Cements Co., Pa (aa) 


Shenango Refractories, Pa (r,z) 
Thermal Refractories Corp., NJ (r, 
z,bb,cc,ee) 


Thompson, H.I. Fiber Glass Co., Calif 
(s) 

Wellsville Fire Brick Co., Mo (r) 

Zirconium Corp. of America, Ohio (r, 
aa,bb,ee) 


Reinforced 
Plastics 


(see Laminates) 


Chase Brass & Copper Co., 
(aa,bb,dd) 

Hardy, Charles, Inc., NY (aa) 
Mallory, P.R. & Co., Inc., Ind (bb) 

University of Tennessee, Dept of 
Chemistry, Tenn (aa) 


Conn 


Rock Wool 


(see Inorganic Fibers) 


Rod 


(see specific material) 


Rods, Welding 


(see Filler Metals) 


Roll Formed Parts 


A & A Die Casting Co., Calif (a,b,9) 

Abalon Precision Mfg. Corp., NY (a, 
b,c,g) 

Acme Tube, Inc., NJ (a,b,c,9) 

Ainsworth-Precision Castings 
Co., Div. of Harsco Corp., 
Mich 
(g)—Ad p 344 

Alloy Products Corp., Wis 
(a,f,9,h) 

Alten Foundry & Machine Works, Inc., 
Ohio (g) 

Aluminum Co. of America, Pa 
(a) 

American Brass Co., Sub. of Anaconda 
Co., NY (b) 

American Car & Foundry Div., ACF 
Industries, Inc., NY (a,e,9) 
American Nickel Alloy Mfg. Corp., NY 

(f) 
American Pipe & Construction Co., 
Northwest Div., Ore (gq) 
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Ampco Metal, Inc., Wis (b) 

Arrow Metal Products Corp., NJ (a) 

Beck, I. & Sons, Inc., NY (a,b,g9) 

Biersach & Niedermeyer Co., Wis (a, 
b,c,g) 

Brush Beryllium Co., 
(b)—Ad p 130 

Bunker Hill Co., Calif (d) 

Burkhardt Steel Co., Colo (c,g) 

Carbo Tool & Die Co., Ohio (c) 

Carpenter Steel Co., Pa (g) 

Chicago Screw Co., Div. of Standard 
Screw Co., Ill (a,b,c,f,g) 

Craft Mfg. Co., Ill (f,9) 

Crucible Steel Co. of America, Pa 
(g,h) 

Crucible Steel Co. of America, Ti- 
tanium & Vacuum Metal Products 
Div., Pa Ch) 

Dahlin, C.A. Co., Ill (a,b,f,9,j) 

Day Co., Minn (a,g) 

Dow Chemical Co., 
Mich (e) 

Dresser Mfg. Div., Dresser Industries, 
Inc., Pa (a,f,g,h) 

Eaton Mfg. Co., Reliance Div., Ohio 
(g) 

Eliwood City Iron & Wire Co., Pa (c) 

Emerson-Sack-Warner Corp., Mass (a, 
b,f,9) 

Enamel Products Co., Ohio (c) 

Fabristeel Products, Inc., Mich (9) 

Falstrom Co., NJ (a,b,e,9,h) 

Fitzgibbons Boiler Co., Inc., NY (c) 

Fletcher Enamel Co., W. Va (a,b,c,d,e, 
f,g) 

Ideal Can Co., Mass (a,b,g) 

Inland Steel Co., Ill (g) 

Irwin Foundry and Mine Car Co., Pa 
(g) 

Jackson Steel Products, Inc., NY (a, 
b,f,9,j) 

Jones & Laughlin Steel Corp., Strip 
Steel Div., Ohio (g) 

Kaiser Steel Corp., Calif (g) 

Kelley Mfg. Co., Tex (a,b,9) 

Kroh Wagner, Ill (a,b,c,f,g,j) 

Leach & Garner Co., Industrial Div., 
Mass (b,f) 

Lock Joint Tube Co., Inc., Ind (g) 
Magnesium Co. of America, Ind (a,e) 
Magnesium Products cf Milwaukee, 
Inc., Wis (a,e) 

Makepeace, D.E. Div., Engelhard In- 


Ohio 


Magnesium Div., 


dustries, Inc., Mass (a,b,c,e,f,g,h) 
Manufacturers & Fabricators, Inc., 
Ohio (f,g) 


McLanahan & Stone Corp., Pa (gq) 

Mechanical Stee! Tubing Corp., NY (a, 
g) 

Merrimac Brass, Mass (b,f) 

Metal Forming Corp., Ind 
9,h,j) 

Midvale-Heppenstall Co., Pa (c,f,9) 

Mirro Aluminum Co., Wis (a) 

Morse, Fred W. Co., RI (a,b,c,9,j) 

National Aluminum Co., Ohio (a,g) 

National Metal Products Co., Pa (a, 
b,g,j) 

National Screw & Mfg. Co., Ohio (b,9) 

Nikoh Tube Co., Ill (9) 

Parish Pressed Steel Div., Dana Corp., 
Pa (g) 

Pfister Aluminum Corp., NJ (a) 

Posey Iron Works, Inc., Pa (g) 

Pyramid Mouldings, Inc., Ill (a,b,c,g) 

Regal Ware, Inc., Wis (a,b,9) 

Revere Copper & Brass, Inc., Ill (a,b, 
¢,f,9,)) 

Reynolds Aluminum Supply Co., Ga (a) 

Rockwell-Standard Corp., Stamping 
Div., NY (a,b,c,f,9) 

Roll Formed Products Co.. 
Ohio 
(a,b,e,9,))—Ad p 337 

Ryerson, Joseph T. & Son, Inc., Ill 
(a,g) 

Security Sash & Screen Co., Mich (a) 

Serrick Corp., John Lees Div., Ind 
(a,9) 

Standard Pressed Steel Co., Pa (b,9) 

Standard Steel Works Div., Baldwin- 
Lima-Hamilton Corp., Pa (9) 


(a,b,e,f, 

























Suppliers of Materials 


Sylvania Electric Products, 
inc., Parts Div., Pa 
(b,f,9) 

Textron Metals Co., Ohio (a) 

Thompson Pipe & Steel Co., Colo (a,b, 
c,d,e,f,9) 

U.S. Steel Corp., Pa 
(g) 

Vanadium-Alloys Steel Co., Pa (f) 

Vulcan Mfg. Co., Ohio (a,b,c,f,g) 

Wal-Mar Corp., Ill (a,b,c,e,g) 

Werner, R.D. Co., Inc., NY 
(a,b,9,J)—Ad p 346 

Western Automatic Machine Screw Co., 
Div. of Standard Screw Co., Ohio 
(a,b,c, f,g) 

Wickwire Spencer Steel Div., Colorado 
Fuel & Iron Corp., NY (a,b,c,e,f,g) 

Wyatt Metal & Boiler Works, Inc., 
Tex (a,b,c,e,f,g) 


Rubber, Natural 


Adhesive Products Corp., NY (x) 

American Hard Rubber Co., 
Div. of Amerace Corp., NY 
(bb,cc,dd)—Ad pp 196-7 

American Rubber Products Corp., Ind 
(u,bb,cc,dd,ee) 

Atias Mineral Products Co., Pa (cc) 

Auburn Rubber Co., Inc., Ind (cc) 

Automotive Rubber Co., Inc., Mich (cc, 
dd) 

Belko Corp., Md (y) 

Brown Rubber Co., Inc., Ind (u) 

Castle Rubber Co., Pa (y,bb,cc,dd,ee) 

Chicago-Allis Mfg. Corp., Allis Rub- 
ber Div., Ill (p) 

Colonial Rubber Co., Ohio (y) 

Continental Rubber Works, Pa (bb,cc, 
dd,ee) 

Coyne & Paddock, Inc., NY (cc) 

Dayton Rubber Co., Ohio (u,y,bb,cc,dd, 
ee) 

Douglas & Sturgess, Calif (x,y) 

du Pont de Nemours, E.I. & Co., 
Inc., Del (cc) 

Johns-Manville Corp., Dutch Brand 
Div., Ill (u,y,cc,dd) 

Faultless Rubber Co., Ohio (u,y,bb,ee) 

Foamade Industries, Mich (u) 


Garlock Packing Co., NY 
(y,bb,cc,dd,ee) 

Geauga Industries Co., Ohio (y,bb,dd) 

Goodrich, B.F. Chemical Co., Sponge 
Products Div., Conn (uy) 


Goshen Rubber Co., Inc., Ind 
(y) 

Hardman, H.V. Co., Inc., NJ 
(x) 

Hayes Adhesive Co., Inc., Mo (y) 

Hewitt-Robins, Inc., Conn (cc,ee) 

Home Rubber Co., NJ (y,bb,cc,dd,ee) 

Johns-Manville Corp., NY (cc) 

Luzeane Rubber Co., NJ (bb,cc,dd) 

Maloney, F.H. Co., Tex (y) 

Martin Rubber Co., Inc., NJ (y,dd,eee) 

= Rubber Products, Inc., Ind 
y 





Morningstar-Paisley, Inc., NY (y) 

National Gasket & Washer Mfg. Co., 
Inc., NY (bb,cc,dd,ee) 

Naugatuck Chemical Div., U.S. Rubber 
Co., Conn (p,u,x,y) 

Parker Seal Div., Parker-Hannifin 
Corp., Ohio (yu) 

Parker, Stearns & Co., Inc., NY (y, 
bb,cc,dd,ee) 

Pawling Rubber Corp., NY (bb,dd,ee) 

Polymer Chemical Co., Ohio (x,y) 

Rand Rubber Co., NY (p,t,cc) 

Raybestos-Manhattan, Inc., NJ (bb, 
cc,dd) 

Raybestos-Manhattan, Inc., Plastic 
Products Div., Conn (x) 

Republic Rubber Div., Lee Rubber & 
Tire Corp., Ohio (p,y,bb,cc,dd,ee) 

Rogers Corp., Conn (y,cc,dd) 

Roth Rubber Co., Ill (y,cc) 

Rubatex Div., Great American Indus- 
tries, Inc., Va (u) 

Rubber Corp. of America, NY (u) 

Russell Mfg. Co., Conn (s) 

Sheller Mfg. Corp., Mich (u) 

Snyder, M.L. & Son, Inc., Pa (ee) 

Standard Products Co., Mich (y) 

Stockwell Rubber Co., Inc., Pa (u,y, 
bb,cc,dd) 

Technical Specialties Co., NY (dd) 

Toyad Corp., Pa (t,u) 

U.S. Rubber Co., Kem-Blo 
Dept., Conn 
(uW—Ad p 216 

U.S. Stoneware Co., NY (y) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (p,y,cc) 

Vulcanized Rubber & Plastics Co., Pa 
(y) 

Western Felt Works, Hi 
(y,cc,dd,ee) 

Williams-Bowman Rubber Co., Ill (y, 
bb,cc,dd,ee) 


Rubber, Synthetic 


(see specific material) 


Sand Casting 


(see Castings) 


Sandwich 
Materials 


(key letters refer to core ma- 
terials) 


Allegheny 
Corp., Pa 
(g) 

Almco Steel Products Corp., Ind (g) 

Aluminum Co. of America, Pa 
(a) ' 

Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Ohio (1) 

Armco Steel Corp., Ohio (g) 

Artmor Plastics Corp., Md (I) 

Bar-Ray Products, NY (d) 

Busch, J.C. Co., NY (a,c) 


Ludium Steel 





Cadillac Plastic & Chemical Co., 
Mich (1) 

Chemical Products Corp., RI (k) 

Continental Rubber Works, Pa (m) 


Dow Chemical Corp., Pias- 
tics Div., Mich 
(k) 
Dumont Corp., Calif (a) 
General Findings & Supply Co., In- 
dustrial Div., Mass (b,f) 
General Tire & Rubber Co., Ind (1) 
Glo-Brite Products, Inc., Ill (I) 
H & R Industries, Pa (k) 
Hardy Mfg. Corp., Ind (g) 
Haskelite Mfg. Corp., Mich (k,!,m) 
Hawkeye Rubber Mfg. Co., Iowa (k) 
Hexcel Products, Inc., Calif (a,9) 
Leach & Garner Co., Industrial Div., 
Mass (b,f) 


Lukens Steel Co., Pa 
(a,b,e,f,9,h) 

Luminous Resins, Inc., Ill (k) 

Lunn Laminates, Inc., NY (1) 

Mechanical Rubber Products Co., NY 
(1) 

Minnesota Mining & Mfg. Co., Minn 
(1) 

National Moldite Co., NJ (c) 

National Vulcanized Fibre Co., Del (1) 

Northwest Plastics Industries, Inc., 
Wash (1) 

Quaker Rubber Div., H.K. Porter Co., 
Pa (1) 

Replac Corp., Ohio (k,I,m) 

Rogers Corp., Conn (I,m) 

Russell Mfg. Co., Conn (b) 

Russell Reinforced Plastics Corp., NY 
(1) 

Solar Aircraft Co., Calif (g,h) 

Standard Insulation Co., NJ (1) 

Standard Metals Corp., Mass (c,f) 

Superior Steel Div., Copperweld Steel 
Co., Pa (g) 

Swediow Plastics Co., Calif (a,f,g,h) 

Thompson, H.I. Fiber Glass Co., Calif 
(k) 

West Haven Foundry Co., Conn (a,b) 

Wittman, Lawrence & Co., NY (I) 

Zenith Plastics Co., Calif (i) 


Screw Machine 
Parts 


Abalon Precision Mfg. Corp., NY (a, 
b,c,g) 

Abbott Products, Inc., NY (a,b,c,d,e, 
f,9,h,)) 

Advance Screw Products Co., Inc., Wis 
(a,b,c,9) 

Aero Screw Co., Inc., Wis (b,c,f,g) 

Affiliated Screw Products Co., Ill (a, 
b,c,d,e,f,g,h,)) 

Aircraft Screw Machine Products Co., 
It (a,b,f,9) 

Albany Products Co., Inc., Conn. (b,f) 

Allied Machine Products Co., Mich 
(a,b,9) 

Allied Metal Products Co., Mass (a, 
b,c,g) 





a—Aluminum and its alloys 
b—Copper and its alloys 


d—tLead and its alloys 





c—lron and its alloys (except steel) 


KEY 


e—Magnesium and its alloys 
f—Nickel and its alloys 
g—Steels 

h—Titanium and its alloys 


BASIC FORMS =<—<——-—--—- 2 --- - oer rrr srrscoo 


nm—Anodes r—Custom formed parts v—Foil aa—Powder 
o—Bar (incl. specialties) w—lIngot bb—Rod 
polymers or gums s—Fibers x—Laminating, casting cco—Sheet 
: = ins dd—Stri 
Base resins t—Film res p 
nas - u—Foams (component y—Molding compounds ee—Tubing 
q—Billets materials or products) z—Plate ff—Wire 


j—Zinc and its alloys 
k—Thermoplastics 
i—Thermosetting plastics 
m—Elastomers 
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Allied Products Corp., Mich (g) 
Allmetal Screw Products Co., Inc., 
NY (f,9,h) 


Aluminum Co. of America, Pa 
(a)—Ad p 331 

American Electrical Products Co., Ohio 
(a,b,f,9) 

American Fabricated Products Co., Ind 
(a,b,f,g) 

American Sanitary Mfg. Co., Ill (b) 

American Screw Products Co., Mich 
(a,b,9) 

Ampco Metal, Inc., Wis (b) 

Anti-Corrosive Metal Products Co., 
Inc., NY (g) 

Approved Mfg. Co., Inc., Mich (b,g) 

Ar-Dee Screw Products Co., Inc., Mass 
(a,b, f,9) 

Argosy Products, Inc., Ohio (a,b,g) 

Ashby Mfg. Co., Mo (b,f,g) 

Atlanta Tool Co., Ohio (a,b,f,9,h) 

Auburn Spark Plug Co., Inc., NY (a, 
b,c,d,f,9,h) 

Auel Industries, Pa (a,b,9) 

Autel Electronics Co., Precision Ma- 
chine & Welding Div., NJ (a,b,c,e, 
g,h) 

Automatic Metal Products Corp., Mich 
(b,f,9,h) 

Babson Dow Mfg. Co., Mass (a,b,c, 
f,9) 

Balas Collet Mfg. Co., Ohio (a,b,f,g) 

Baldwin Mfg. Co., Conn (a,b,c,d,f, 
9,h,}) 

Barton Products Corp., Wis (a,b,c,e, 
f,9) 

Bayley Products, Inc., Mich (a,b,g) 

Beacon Metal Mfg. Co., NY (a,b,c,e, 
f,g,h,)) 

Beck Products Corp., Mich (a,b,f,g) 

Bell, David Co., Inc., NY (a,b,f,9,h) 

Bethandale Corp., Ohio (a,b,f,9) 

Bickford, F.H. Co., Ohio (a,b,9) 

Biddle Screw Products Co., Ind (a,b, 
c,d,e,f,g,h) 

Blacher Bros., Inc., RI (a,b,9) 

Boehm Screw Products Co., Mich (a, 
b,f,9) 

Boots Aircraft Nut Corp., Conn (a, 
b,f,9) 

Brown Corp., NY (9) 

Buchmann Spark Wheel Corp., NY (a, 
b,c,e,f,9) 

Buckeye Brass & Mfg. Co., Ohio (b) 

Burgess-Norton Mfg. Co., Ill (c) 

C & G Screw Machine Products Co., 
Ind (a,b,9) 

Carleton Screw Products Co., Minn (a, 
b,g) 

Cartwright, R. Tube Products Co., 
Mich (a,b,g9) 

Cayce Corp., Ohio (a,b,g) 

Central Screw Products Co., Mich (a, 


b,f,g) 

Chapman Machine Co., Inc., Conn (a, 
b,f,g) 

Chardon Metal Products Co., Ohio (a, 
b,f,9) 


Chase Brass & Copper Co., Conn (a, 
b,f) 

Chicago Screw Co., Div. of Standard 
Screw Co., Ill (a,b,c,f,g) 

Clendenin Bros., Inc., Md (b) 

Cleveland Cap Screw Co., Ohio (a,b, 
f,g,h) 

Cleveland City Forge Co., Ohio (c,g) 

Cleveland Hardware & Forging Co., 
Ohio (g) 

Collis Co., Iowa (a,b,f,g) 

Columbus Dental Mfg. Co., Ohio (a, 
b,c,g) 

Columbus Jack Corp., Ohio (a,c,g) 

Columbus Production Mfg. Co., Ohio 
(a,b,g) 

Comerford Mfg. Co., Inc., Conn (a,b, 
c,e,f,9,h,)) 

Condamatic Co., Inc., Mich (a,g,h) 

Conn Perry Mfg. Co., Mich (b,g) 

Connecticut Mfg. Co., Conn (b,f,g) 

Control Parts Corp., NY (a,b,c,4,e,f, 
9/h,)) 

Couch-Uthe Co., Ohio (b,f,g) 

Curtis Products Co., Conn (a,b,c,f,9) 

Curtis Screw Co., Inc., NY (a,b,f,9,h) 














Davis & Hemphill, Md (a,b,c) 

Dawlen Corp., Mich (a,b,c,f) 

Decatur Automatic Screw Machine 
Products Co., Ill (a,b,f,g) 

Deerfield Mfg. Co., Ohio (a,b,f,g) 

Defiance Screw Machine Products Div., 
Serrick Corp., Ohio (g) 

Delo Screw Products Co., Ohio (a, 
b,f,9) 

Dependable Automatic Screw Co., Conn 
(a,b,c,d,e,f,9,h,j) 

Drexel Screw Products Co., Ill (a,b, 
c,d,f,9) 

Duffin Mfg. Co., Ohio (a,b,9,h) 

Duro Screw & Mfg. Co., NJ (a,b, 
f,g,h) 

Eastern Machine & Screw Corp., Conn 
(a,9) 

Economy Machine Products Co., Ill 
(a,b,f,9) 

Electric Auto-Lite Co., Ohio (a,b,c,g) 

Electric Materials Co., Pa (b) 

Electronic Parts Mfg. Co., NJ (c,g) 

Elsby, J.S., Inc., Wis (a,b,f,9) 

Enoch Mfg. Co., Ore (a,b,c,e,9,j) 

Essential Bar Products Co., Mich (a, 
b,f,9) 

Eureka Electric Products Co., Pa (a,b) 

Everard Tap & Die Corp., NY (a,b,c, 
f,g) 

Fairchild Screw Products, Inc., Conn 
(a,b, f,9) 

Falls Machine Co., Ohio (a,b,g) 

Federal Screw Works, Mich (a,b,f,g) 

Femco Mfg. Co., Inc., Mich (g) 

Fetcher, M.B. Co., Mich (g) 

Fischer Special Mfg. Co., Ohio (a,b) 

Fordsell Machine Products Co., Mich 
(b,f,9) 

Frisby, R.J. Mfg. Co., Ill (a,b,g) 

G & G Mfg. Co., Ili (a,b,f,g) 

G & Z Automatic Products Co., Mich 
(a,b,9) 

Gantner Screw Products Co., Inc., Ohio 
(a,b,f,9) 

General Engineering Works, Ili (a,b,f, 
9) 

General Findings & Supply Co., In- 
dustrial Div., Mass (a,b,c,f,g) 

General Screw Products Corp., NY (a, 
b,f,9) 

Grass, M.J. Machine Products Co., 
NY (a,b,f,g) 

Greer Stop Nut Co., Ill (a,b,c,e,f,g,h, 
+) 

Gregg Metal Products Co., Wis (a,b, 
f,9) 

Gross, Willard N., Inc., NJ (a,b,f,g) 

H & H Screw Products, Inc., NY (a, 
b,f,g,h) 

H & H Screw Products Mfg. Co., RI 
(a,b, f,9) 

H & K Machine Service Co., Inc., Mo 
(a,b,g) 

Haber Corp., Il! (a,b,c,f) 

Hack, J.H. Mfg. Co., Mich (a,b,f,g) 

Hardy Mfg. Corp., Ind (a,b,g) 

Harvey Aluminum Div., Harvey Ma- 
chine Co., Inc., Calif (a,g) 

Harvin & Co., NJ (a,b,f,g) 

Harwood Screw Products, Inc., Ohio 
(a,b,9) 

Held, O.P., Inc., NY (a,b,c,g) 

Heller, A.B. Screw Products, 
Mich (a,b,g) 

Henefelt Precision Products, Ohio (a, 
b,f,9) 

Hercules Fastener Co., Ill (a,c,f,g,j) 

a Screw Products, Inc., Wis (a,b, 
9 

Herman Machine & Tool Co., Ohio (a, 
b,f,9) 

Hershey Metal Products, Inc., Conn 
(a,b,f,9,h) 

Holt Products Co., Mich (a,g) 

Hoofer Mfg. Co., Ill (a,c) 

Hoyt, Charles D. Co., Inc., Ind (a, 
b,f,g) * 


Huck Mfg. Co., Mich (a) 

Hudson Screw Machine Products Co., 
Ill (a,b,¢,e,f,9,h,)) 

Hunt Screw & Mfg. Co., Ill (a,b,f,9,h) 

Huron Automatic Screw 
(a,b,g) 


Co., Mich 








Hy-Level Screw Products Co., Ohio (a, 
b,g) 

Ideal Metal Products Co., Il! (a,b,f,g) 

Imsande Screw Products Co., Ohio (a, 
b) 

Industrial Precision Products, Ill (a,b, 
c) 

Industrial Screw Machine Products Co., 
Ill (a,b,f,9) 

Inland Mfg. Co., Neb (a,b,c,d,e,f,9,h,)) 

Instrument Parts Corp., NY (a,b,c,f,g) 

Instrument Specialities Co., 
Inc., NJ 
(b)—Ad p 343 

Jaques Co., Mass (a,b,e,f,9,h) 

Jolens Metal Products Co., NJ (a,b,f, 
g) 

Jordan Machine Products, Inc., Mich 
(a,b,f,g) 

Kay-Bee Machine Products Co., Wis 
(a,b,g) 

Kennedy Automatic Products, 
Mich (a,b,g) 

Kenosha Automatic Products Co., Wis 
(a,b,g) 

Kerr-Lakeside Industries, 
(a,b,f,g) 

Kewaunee Engineering Corp., Wis (c) 

Klincher Locknut Corp., Ind (a,b,c,f,g) 

Koehler Mfg. Co., Mass (c) 

Kohn Engineering Corp., Mich (a,b,c, 
f,g,h) 

Kramer, C.P. Co., Ill (a,f,g) 

Lake Mfg. Corp., Conn (a,b,9) 

Lamson Products Co., Wash (a,b,f,g) 

Lattner Bros. Machining Co., Mich (a, 
b,f,g) 

Latwaitis, Ernest A., NY (a,b,f,g) 

Lawrenceville Screw Co., Pa (a,b,f,g) 

Lincoln Machine Parts Corp., NY (a, 
b,f,9,h) 

Lincoln Mfg. Co., Inc., Ill (a,b,f,g) 

Linden & Co., Inc., RI (a,b,c,g) 

Livingston-Tyler Products, Ohio (a,b, 
e,g) 

Locke Machine Co., Ohio (a,9) 

Loeffler, J.M. Co., Machine & Brass 
Works, Pa (a,b,c) 

Lorain Automatic Screw Machine Co., 
Inc., Ohio (a,b,g) 

Lubenow, Arthur Co., Wis (a,b,f,g) 

Lundberg Screw Products Co., Mich (a, 
b,g) 

Lyndon Machine Products Co., Inc., 
Mich (a,b,9) 

M & S Mfg. Co., Mich (a,b,g) 

Machine Products Corp., Ohio {a,b,c, 
d,e,f,g,h,)) 

Machinery Products Co. of Lancaster, 
Pa (a,b,f,g) 

Machinery Products Corp., Ill (a,b,f,g) 

Mac-It Parts Co., Pa (b,f,g) 

Main Screw Machine Products, Inc., 
Conn (a,b,g) 

Mantel Screw Products Co., Wis (a, 
b,f,g,h) 

Marquette Metal Products Co., Ohio 
(a,b,f,g) 

Masco Screw Products Co., Mich (a, 
b,f,9) 

Massachusetts Screw Mfg. Co., Mass 
(a,b,f,9) 

Maumee Machine & Tool Corp., Ohio 
(a,b,f,g) 

Maynard Mfg. Co., Mich (a,b,f,9,h) 

McKinney Mfg. Co., Pa (a,b,e,f,9) 

McLanahan & Stone Corp., Pa (c,g) 

McMahon Bros. Machine Works, Inc., 
Itt (a,b,f,9,h) 

Meaden Screw Products Co., Ill (a, 
b,f,g) } 

Measuregraph Co., Mo (a,b,f,9,h) 

ee Art Works, Inc., NJ (a,b, 
9 

Meier Screw Products & Mfg. Co., 
Mich (a,b,c,e,f,g) 

Merit Screw Machine Products Co., 
Il (a,b,f,9,h) 

~— Specialties Co., Inc., Mo (a,b, 
e, @ 

— & Tool Works, Ind (a, 
bg 

Micro Products Corp., Mo (a,g) 


Inc., 


Inc., Ohio 





Mid-West Screw Products Co., Mo (a, 
b,c,g) 

Midwest Screw Products, 
(a,b, f,9,h) 

Milford Automatics, Inc., Conn (a,b,9) 

Milled Screw Products, Co., Ill (a,b, 
f,g) 

Millers’ Brass Fitting Co., Inc., NY 
(a,b,f,g) 

Milwaukee Machine Products Co., Wis 
(a,b,9) 

Milwaukee Stamping Co., Wis (a,g) 

Mitchell & Scott Machine Co., Inc., 
Ind (a,b,f,9) 

Modern Screw Products Co., Mo (b, 
f,g) 

Monarch Tool & Mfg. Co., Kv (g) 

Moody Machine Products Co., Inc., RI 
(a,b,9) 

Moore, George W., Inc., Mass (a,b,9) 

Mueller Brass Co., Mich 
(a,b,f)—Ad p 357 

Mueller Machine Products Inc., Wis 
(a,b,c,d,e,f,9,)) 

Napoleon Products Co., Ohio (a,g) 

National Acme Co., Ohio (a,b,f,g) 

National Lead Co., NY (a) 

National Screw & Mfg. Co., Ohio (b, 
f,g) 

Naugatuck Automatics, Inc., Conn (a, 
b,g) 

New Britain Machine Co., Conn (a,b,g) 

New Haven Screw Machine Products, 
Inc., Conn (a,b,f,g,h,j) 

Newtown Mfg. Co., Conn (a,b,f,9,h) 

Nicoud Mfg. Co., Ill (a,b,f,g) 

Noera Mfg. Co., Conn (a,b,9) 

Nolte Screw Machine Products Co., 
Ohio (a,b,c,f,g) 

Northwest Automatic Products Corp., 
Minn (a,b,f,9) 

Northwestern Machine Corp., Mo (a, 
b,f,9) 

Nutmeg Screw Machine Products Cc., 
Conn (a,b,f,9) 

Ohio Metal Products Co., Ohio (a,b, 
f,9,h) 

Ohio Screw Products, Inc., Ohio (a, 
b,f,9) 

Olderman Mfg. Corp., Conn (a,b) 

Olson Mfg. Co., Mass (a,b,f,9) 

Orange Roller Bearing Co., Inc., NJ 
(g) 

Ostby & Barton Co., Flightex Fabrics, 
Inc., RI (a,b,f,9) 

Ottawa Steel Products, Inc., Mich (g) 

Owen Mfg., Inc., Ill (a,b,f,9) 

Pabst Engineering Equipment Co., 
Inc., NJ (a,b,c,e,f,9,h,)) 

Pacific Screw Products Co., Calif (a, 
b,f,9) 

Pan-American Metal Products Co., Inc., 
Fla (a,b,f,g) 

Parker & Harper Mfg. Co., Mass (a, 
b,f,9) 

Peck Spring Co., Conn (a,b,c,f,g) 

Peerless Automatic Machine Co., Ohio 
(a,b,c,g) 

Peerless Industries, Inc., Mich (a,b,g) 

Peerless Products Industries, Il! (a,b, 
9) 

Perry Fay Co., Ohio (a,b,g) 

Phillips, F.C., Inc., Mass (b,f,g) 

Phillips Bros. Screw Products Co., 
Mich (b,f,9,h) 

Piper Tool Co., Inc., Mich (9) 

Pohiman, R.L. Co., Mo (a,b,g) 

Polyphase Machine Co., NY (a,b,f,g,h) 

Precision Machine Co., Ind (a,b,g) 

Precision Piece Parts, Inc., Ind (g) 

Precision Screw Products Co., Inc., 
Calif (a,b,f,9) 

Progressive Service Co., Mo (a,b,e,f, 
9) 

Racine Screw Co., Wis (a,b,f,g) 

Rainier Metal Products Co., Ill (a,b, 
9) 

Rasco-Veeder Co., Ill (a,b,f,g) 

oe Machine Corp., Ill (a,b, 
9 

Red Devil Mfg. Co., Ill (a,b,c,d,e,f, 
9,h,j) 

Redmer Air Devices, Ala (a,b,c,f,9) 


Inc., Ohio 













Reliable Screw Machine Products, Ill 
(a,b,f,9,h) 

Remler Co., Ltd., Calif (a,b,f,g) 

Rex Products Co., Ohio (a,b,f,g) 

Richmond Mfg. Co., Tex (b,f,g) 

Rosan Inc., Calif (a,g) 

S & S Mfg. Co., NJ (a,b,c,e,f,9,h) 

Sargent & Greenleaf, Inc., NY (a,b,g) 

Scovill Mfg. Co., Mill Prod- 
ucts Div., Conn 
(a,b) 

Searjeant Metal Products, Inc., NJ (a, 
9) 

Seltzer, George H. & Co., Pa (gq) 

Sharpsville Steel Fabricators, Inc., 
Pa (g) 

Sheller Mfg. Corp., Mich (9) 

Sinclair Co., Mass (a,b,9) 

Skookum Co., Inc., Ore (g) 

Special Screw Products Co., Ohio (a, 
b,f,g) 

Spencer Nahm Co., Calif (a,b,f,g) 

Spencer’s Sons, 1.S., Inc., Conn (a,b,g) 

Standard Pressed Steel Co., Pa (a,b, 
c,e,f,9,h) 

Standard Screw Products Co., Calif (a, 
b,g) 

Star Heel Plate Co., Inc., NJ (g) 

Steel Heddle Mfg. Co., Pa (a,b,c,e, 
f,9,h,J) 

Steel Industries, Inc., Ind (a,b,g) 

Steinen, William Mfg. Co., NJ (a,b, 
c,f,9,h) 

Textile Shield Co., Inc., Mass (a,b,g) 

Thompson-Bremer & Co., Ill (a,b.c,f, 
g,h) : 

Thompson Products, Inc., Ohio (h) 

Titan Metal Mfg. Co., Pa (a,b) 

Tompkins Products, Mich (a,b,c,d,f,9,}) 

Trigon Specialties Corp., Ind (a,b,c, 
d,e,f,9,h,)) 

Trim Alloys, Inc., Mass (a) 

Ulimann, Inc., Wis (a,b,c,e,f,9,h) 
Union Screw & Mfg. Co., Pa (a,b,9) 
United Screw & Bolt Corp., Ill (a,b,g) 


United Shoe Machinery Corp., Mass 
(a,b,c, f,9) 

U.S. Steel Corp., Oli Well Supply 
Div., Tex (9) 


Unity Machine & Tool Corp., Pa (a, 
9) 

Vanamatic Co., Ohio (a,b,9) 

Wagner Specialty Co., Wis (a,b,c,g,J) 

Wall, P. Mfg. Co., Pa (a,b,c,9) 

Walrod Machine Products, Ore (a,b,g) 

Ward, H.H. Co., Pa (a,b,c,f,g,)) 

Waterman Industries, Inc., Calif (a,b) 

Weatherhead Co., Ind (a,b,c,d,e,f,9,h,)) 

Weber-Knapp Co., NY (a) 

Wedler Bros., Inc., Ohio (a,b,f,g) 

Western Automatic Machine Screw Co., 
Div. of Standard Screw Co., Ohio 
(a,b,c,f,9) 

Western Machine Co., Wis (a,b,c,f, 
9,)) 

Wirth, Carl & Son, Inc., NY (a,b,c, 
d,e,f,g,h,)) 

Worth Co., Wis (a,b,c,g) 

Wright, Albert Screw Machine Prod- 
ucts, Calif (a,b,f,9) 

Wuest Bros., Inc., Ky (a,b,c,f,g) 

Zeller Corp., Ohio (g) 


American Metal Climax, Inc., 
NY 


(aa) 

American Nickel Alloy Mfg. Corp., 
NY (aa) 

American Smelting & Refining Co., 
NY (q,aa) 


Anaconda Aluminum Co., Sub. of Ana- 
conda Co., NY (aa) 


Belmont Smelting & Refining 
Works, Inc., NY 
(aa) 


Cerro de Pasco Sales Corp., 
NY 
(aa) 
Hardy, Charles, Inc., NY (aa) 
Hommel, 0. Co., Pa (aa) 
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Suppliers of Materials 


Kawecki Chemical Co., NY (aa) 

McGean Chemical Co., Ohio (aa) 

Niagara Falls Smelting & Refining 
Div., Continental Copper & Steel 
Industries, Inc., NY (v,w) 

Phelps Dodge Refining Corp., NY (aa) 


Sheet 


(see specific material) 


Sheet Formed 
Plastics Parts 


(see Moldings, Sheet) 


Sherardized Coat- 
ings 


(see Diffusion Coatings) 


Silicides 


(see Refractories) 


Silicon 

American Nickel Alloy Mfg. Corp., NY 
(w,aa) 

Belmont Smelting & Refining 
Works, Inc., NY 
(aa) 

du Pont de Nemours, E.I. & Co., Inc., 
Del (w) 

Eagle-Picher Co., Ohio (aa) 

Electro Metallurgical Co., Div. of 
Union Carbide Corp., NY (aa) 

Foote Mineral Co., Pa (q) 

Hardy, Charles, Inc., NY (aa) 

Lavin, R. & Sons, Inc., Ill (w) 

National Electric Products Corp., Pa 
(ff) 

Nationai-U.S. Radiator Corp., Piastic 
Metals Div., NY (aa) 

Sylvania Electric Products, Inc., 
Chemical & Metallurgical Div., Pa 
(w,bb,ee) 

Utica General Jobbing Foundry, Inc., 
NY (aa) 

Vanadium Corp. of America 
(w) 


Silicon Bronze 
(see Copper) 


Silicone Plastics 


Adhesive Products Corp., NY (x) 

Allied Chemical Corp., Plastics and 
Coal Chemicals Div., NY (p) 

Alpha Wire Corp., NY (ee) 

Bakelite Co., Div. of Union Carbide 
Corp., NY (p,y) 

Belko Corp., Md (y) 

Colonial Kolonite Co., Ill (bb,cc,ee) 

Continental-Diamond Fibre Corp., Del 
(bb,cc,dd,ee) 

= Chemical Corp., Conn 
y 

Dodge Fibers Corp., NY (s) 

Dow Corning Corp., Mich (p,u,x,y) 

Electrofilm, Inc., Calif (t) 

Emerson & Cuming, Inc., Mass (u) 

Flexible Tubing Corp., Conn (ee) 

Formica Corp., Sub. of American Cy- 
anamid Co., Ohio (cc,ee) 

General Electric Co., Laminated Prod- 
ucts Dept., Ohio (cc) 

General Electric Co., Silicone 
Products Dept., NY 
(p,u,x,y) 


General Gasket, Inc., Conn (cc) 

Glass Reinforced Plastics Corp., Ohio 
(bb,ee) 

Hall, C.P. Co., Ohio (p) 





Hewitt-Robins, Inc., Conn (u,cc,ee) 

Kurz Kasch, Inc., Ohio (y) 

Maloney, F.H. Co., Tex (y) 

Mica Insulator Div., Minnesota Mining 
& Mfg. Co., NY (bb,cc) 

Minneapolis Honeywell Regulator Co., 

Minn (u,x) 


Narmco Resins & Coatings Co., Calif 


(x) 

National Gasket & Washer Mfg. Co., 
Inc., NY (bb,cc,dd,ee) 
National Vulcanized 

Co., Del 
(bb,cc,dd,ee) 
Panelyte Div., St. Regis Paper Co., 
NY (x,bb,cc,dd,ee) 
Parker, Stearns & Co., Inc., NY (bb, 
cc,dd,ee) 
Pawling Rubber Corp., NY (bb,dd,ee) 
Philrus Products Co., NJ (bb,cc,dd,ee) 


Fibre 


Raybestos-Manhattan, Inc., NJ (bb, 
cc,dd) 
Raybestos-Manhattan, Inc., Plastic 


Products Div., Conn (x) 

Rogers Corp., Conn (u,y,bb,cc,dd) 

Roth Rubber Co., Ill (cc) 

Staver Co., Inc., NY (cc,dd) 

Stockwell Rubber Co., Inc., Pa (y, 
bb,cc,dd) 

Swediow Plastics Co., Calif (cc) 

Synthane Corp., Pa 
(cc,dd,ee) 

Taylor Fibre Co., Pa 
(bb,cc,dd,ee) 

Toyad Corp., Pa (u) 

Union Carbide Corp., Silicones Div., 
NY (p,t,u,x,y) 

U.S. Polymeric Chemicals, Inc., Conn 
(s) 

Varfiex Corp., NY (ee) 

Western Feit Works, Ill 
(cc) 


Silicone Rubber 


Adhesive Products Corp., NY (x) 
Alpha Wire Corp., NY (ee) 
Armstrong Cork Co., Pa (bb,cc,dd) 
Belko Corp., Md (y) 
Castle Rubber Co., Pa (y,bb,cc,dd,ee) 
Colonial Rubber Co., Ohio (y) 
Connecticut Hard Rubber Co., 
Conn 
(u,y,bb,cc,dd)—Ad p 205 


Continental Rubber Works, Pa (bb, 
cc,dd,ee) 

Continental-Diamond Fibre Corp., Del 
(cc,dd) 

Dayton Rubber Co., Ohio (y,bb,cc,dd, 
ee) 

Dodge Fibers Corp., NY (s) 

Dow Corning Corp., Mich (p,u,x,y) 

du Pont de Nemours, E.l. & Co., 
Inc., Del (cc) 

Flexible Tubing Corp., Conn (ee) 

Garlock Packing Co., NY 
(y,bb,cc,dd,ee) 

General Electric Co., Chemical & 
Metallurgical Div., Ill (cc,dd,ee) 
General Electric Co., Silicone 
Products Dept., NY 

(p,u,yX—Ad p 251 


Goshen Rubber Co., Inc., Ind (y) 

Hewitt-Robins, Inc., Conn (cc,ee) 

Insulation Mfrs. Corp., Ill (cc) 

Maloney, F.H. Co., Tex (y) 

Mechanical Rubber Products Co., NY 
(t,u,bb,cc,dd) 

Micarta Div., Westinghouse Electric 
Corp., SC (cc) 

= Rubber Products, Inc., Ind 
y) 

Minneapolis Honeywell Regulator Co., 
Minn (u,x) 

National Gasket & Washer Mfg. Co., 
Inc., NY (bb,cc,dd,ee) 

Parker-Hannifin Corp., Parker Seal 
Div., Ohio (u) 

Pawling Rubber Corp., NY (bb,dd,ee) 











Raybestos-Manhattan, inc., NJ (bb, 
cc,dd) 

Raybestos-Manhattan, _Inc., 
Products Div., Conn (x) 

Rogers Corp., Conn (u,y,cc,dd) 

Roth Rubber Co., Ill (cc) 

Stockwell Rubber Co., Inc., Pa (u,y, 
bb,cc,dd) 

Swediow Plastics Co., Calif (sc) 

Toyad Corp., Pa (u) 

Union Carbide Corp., Silicones Div., 
NY (p,y,cc,dd) 

U.S. Polymeric Chemicals, Inc., Conn 
(s) 

U.S. Stoneware Co., NY (y) 

Varflex Corp., NY (ee) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (p,y,cc) 

Western Felt Works, Ili 
(y,cc,dd,ee) 

Williams-Bowman Rubber Co., Ill (y, 
bb,cc,dd,ee) 


Plastic 


Silver and Its 
Alloys 


Alloy Metal Powders, Inc., Iowa (aa) 
Alpha Metais Inc., NJ (n,0,q,bb,cc,dd) 
American Metal Climax, Inc., 
NY 
(w,aa) 

American Platinum & Silver 
Div., Engelhard industries, 
Inc., NY 
(n,0,4,¥,W,z,aa,bb,cc, dd, ff) 


American Products Corp., Ill (dd,ff) | 


American Silver Co., NY (v,dd) 


American Smelting & Refining Co., NY | 


(n,0,q,bb,ee) 


Anaconda Aluminum Co., Sub. of Ana- | 


conda Co., NY (o) 


Baker & Co., Inc., NJ (n,0,v,w,z,aa, | 


bb,cc,dd) 
Belmont Smelting & Refining 
Works, Inc., NY 


(o,dd, ff) 

Bishop, J. & Co. Platinum 
Works, Stainiess Steel | 
Products Div., Pa 
(n, ff) 


Bunker Hill Co., Sales & Fabrication 


Div., Calif (o) 
Cerro de Pasco Sales Corp., 
NY 
(o,w) 
Dahlin, C.A. Co., Ill (ce) 
Designers Metal Corp., Ill (cc) 
Eastern Smelting & Refining Corp., 
Mass (aa) 
Federated Metals Div., American 
Smelting & Refining Co., NY (n) 
Fox Products Co., Pa (n) 


Fulton Gold Refiners Corp., NY (n,o, | 


q,V,w,aa,bb,cc,dd) 

General Plate Div., Metals & Controls 
Corp., Mass (n,v,w,z,aa,bb,cc,dd) 
Goldsmith, S. & R. Bros., Co., Ill 

(n,0,¥,w,z,aa,bb,cc,dd) 

Handy & Harman, NY 
(n,0,9,V,W,2,aa,bb,cc,dd, ee, ff) 

Hanovia Chemical & Mfg. Co., NJ (aa) 

Hardy, Charles, Inc., NY (aa) 

Hayden Wire Works, Inc., Mass (ff) 

Hommel, 0. Co., Pa 

Leach & Garner Co., Industrial Div., 
Mass (n,0,q,v,2z,bb,cc,dd) 

Lucas-Milhaupt Engineering Co., Wis 
(dd, ff) 

Makepeace, D.E. Div., Engelhard In- 
dustries Inc., Mass (n,0,v,z,aa,bb,dd, 
ee, ff) 

Metal Goods Corp., Tex (dd) 

Metallizing Co. of Los Angeles, Inc., 
Calif (ff) 

Metals Disintegrating Co., NJ (aa) 

Minimax Co., Ill (aa) 

Nesor Alloy Products Co., NJ (dd, ff) 

Ney, J.M. Co., Industrial Div., Conn 
(v,z,bb,cc,dd, ff) 
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Norwalk Powdered Metals, Inc., Conn 
(aa) 
Peerless Roll Leaf Co., Inc., NJ (v,dd) 
Reade Mfg. Co., Inc., NJ (aa) 
Republic Metals Co., Inc., NY (o,w) 
Rigidized Metals Corp., NY (cc,dd) 
Rotometals, Calif (dd, ff) 
Sel-Rex Corp., NJ 
(n,aad—Ad p 285 
Ulimaan, Inc., Wis (0,ee) 
United Wire & Supply Corp., RI (ff) 
Vanadium-Alloys Steel Co., Pa (aa) 
Westera Gold & Platinum Co., Calif 
(n,bb,cc, dd, ff) 
Wildberg Bros. Smelting & Refining 
Co., Calif (n,o,v,w,z,aa,bb,cc,dd, ff) 
Williams Gold Refining Co., Inc., NY 
(n,0,q,V,W,2,aa,bb,cc,dd,ee, ff) 


Slush Moldings 


{see Moldings) 


Solders 


A & A Die Casting Co., Calif 

Abaloa Precision Mfg. Corp., NY 

All-State Welding Alloys Co., Inc., 
NY 

American Emblem Co., Inc., NY 

American Metal Climax, Inc., 
NY 

American Products Corp., Ill 

American Sheet Metal Works, inc., 
Conn 

American Smelting & Refining Co., NY 

Anchor Metal Co., Inc., NY 

Belmont Smelting & Refining 
Works, Inc., NY 

Chemical Development Corp., Mass 

Consolidated Fruit Jar Co., NJ 

Division Lead Co., Ill 

Empire Metal Co., NY 

Eutectic Welding Alloys Corp., NY 

Falstrom Co., NJ 

General Findings & Supply Co., Indus- 
trial Div., Mass 

Hayden Wire Works, Inc., Mass 
Ideal Can Co., Mass 

indium Corp. of America, NY 

Kenmore Machine Products, Inc., NY 

Kester Solder Co., Ill 

Kling Metal Spinning & Stamping Co., 
NY 

Langsenkamp, F.H. Co., Ind 

Lucas-Milhaupt Engineering Co., Wis 

Lundquist Tool & Mfg. Co., Inc., Mass 

Magnesium Co. of America, Ind 

Magnesium Products of Milwaukee, 
Inc., Wis 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass 

Metal Goods Corp., Mo 

Metallizing Co. of Los Angeles, Inc., 
Calif 

Midwest Stamping & Mfg. Co., Ohio 

National Lead Co., NY 

Ney, J.M. Co., Conn 

Ren Plastics, Inc., Mich 

Republic Metals Co., Inc., NY 

Rotometals, Calif 

Ruby Chemical Co., Ohio 

United Wire & Supply Corp., RI 

Waterman Industries, Inc., Calif 

Wayne Chemical Products Co., Mich 

West Haven Foundry Co., Conn 

Whitehead Metal Products Co., Inc., 
NY 

Wildberg Bros. Smelting & Refining 
Co., Calif 

Williams Gold Refining Co., Inc., NY 


Spinnings 

Ace Metal Spinning, Ii! (a,b,c,d,e,f, 
9,h,}) 

Acme Metal Spinning, Inc., Minn (a 
b,c,d,e,f,9,h,J) 

Aluminum Co. of America, Pa 
(a) 

Aluminum Goods Mfg., Wis (a) 

Aluminum Specialty Co., Wis (a) 

Ampco Metal, Inc., Wis (b) 















Anchor Metal Spinning Co., Ohio (a, 
b,c,d,e,f,9,h,)) 

Bartlett-Thomipson Co. Inc., Mass (a, 
b,f,9) 

Bergfels, William & Co., NJ (a,b,c, 
f,9,)) 

Biersach & Niedermeyer Co., Wis (a,g) 

Broadway Mfg. Co., Wis (a,b,c,9) 

Brooks & Perkins, Inc., Mich 
(a,e,h) 

Chase Brass & Copper Co., Conn (b) 

Clover Industries, Inc., NY (a) 

Commerical Shearing & Stamping Co., 
Ohio (a,b,e,f,g) 

Craft Mfg. Co., Ill (a,b,c,d,f,g) 

Cyril Bath Co., Ohio (a,g) 

Dahlin, C.A. Co., Ill (a,b,d,e,f,9,h,j) 

Dow Chemical Co., Mich (e) 

Emerson-Sack-Warner Corp., Mass (a, 
b,c,e,f,9,h,J) 

Garco Mfg. Co., Inc., Iil (a,b,e,f,9,h, 
p 

General Alloys Co., Mass (a,b,f,g) 
Greene, G.G. Corp., Pa (a,g) 

H & H Tube & Mfg. Co., Mich (b) 
Hardy Mfg. Corp., Ind (a,g) 
Kenmore Machine Products, Inc., NY 
(b) 

Kling Metal Spinning & Stamping Co., 
NY (a,b,c,d,e,f,g,j) 

Klinzing, A.F. Co., Inc., Wis (b) 

Lukens Steel Co., Pa 
(a,b,e,f,9,h) 

Magline, Inc., Mich (e) 

Magnesium Co. of America, Ind (a,e) 

Magnesium Products of Milwaukee, 
Inc., Wis (a,e) 

Manufacturers Service, Inc., Ohio (a, 
b,g) 

Mirro Aluminum Co., Wis (a) 

Morse, Fred W. Co., RI (a,b,c,9,j) 

Muncie Metal Spinning, Inc., Ind (a, 
b,g) 

Murray, A.B. Co., Inc., NJ (a,b,f,g) 

Murray Tube Works, Inc., NJ (a,b,9) 

Pabst Engineering Equipment Co., Inc., 
NJ (a,b,c,e,f,g) 

Perrin, Edward C. Co., NJ (a,b,9) 

Phoenix Products Co., Wis (a,b,c,d,e, 
f,9,h,j) 

Precision Metal 
(a,b,c,e,f,9) 

Premier Metal Works, Inc., Ill (a,b,g) 

Regal Ware, Inc., Wis (a,b,g) 

Republic Steel Corp., Ohio (g) 

Revere Copper & Brass, Inc., NY (b) 

Reynolds Metals Co., Va (a) 

Ryerson, Joseph T. & Son, Inc., Ili (g) 

Searjeant Metal Products, Inc., NJ (a, 
9) 

Seattle Boiler Works, Inc., Wash (a,g) 

Smith-Victor Corp., Ind (a) 

Solar Aircraft Co., Calif (g) 

Spincraft, Inc., Wis (a,b,d,e,f,9,h,j) 
Stainless Metals, Inc., NY (c,f,h) 
Stirrup Metal Products Corp., NJ (a, 
b,g) 

Teiner, Roland Co., 
b,c,e,f,g,h) 

Toledo Stamping & Mfg. Co., Ohio 
(a,b,g,h) 

Torngren, C.W. Co., Inc., Mass (a, 
b,c,e,f,9,h,j) 

Ward, H.H. Co., Pa (a,b) 

Wickwire Spencer Steel Div., Colorado 

Fuel & Iron Corp., NY (a,b,c,e,f,9) 


Spinning Co., Mich 


Inc., Mass (a, 


Sprayed Coatings 
(see Metallized Coatings) 


Stampings, 
Punchings 
(see also Drawn, Pressed Parts) 
A & A Die Casting Co., Calif (b) 
Abalon Precision Mfg. Corp., NY (a, 
b,c,g) 
Ackermann Mfg. Co., W.Va (g) 


Acme Mfg. & Gasket Co., Pa (a,b, 
f,9) 










Acme Metal Spinning, Inc., Minn (a, 
b,c,e,i,9,J) 

Acme Stamping & Mfg. Co., Pa (a, 
b,g) 

Acorn Sheet Metal Mfg. Co., Inc., Ill 
(a,g) 

Acro Metal Stamping Co., Wis (a,b, 
f,9) 

Adams, I.G. Metalware Co., Mo (a, 
b,c,e,f,g,j) 

Advance Stamping Co., 
d,f,9,)) 

Aerolite Electronics Corp., 
c,9) 

Ainsworth-Precision Castings 


Mich (a,b,c, 


NJ (a,b, 


Co., Div. of Harsco Corp., 
Mich 
(g)—Ad p 344 

All-Form Metal Products Co., Ohio 
(a,b,c,d,e,f,9,j) 

Allied Products Corp., Mich (a,g) 


Alloy Products Corp., Wis 
(a,f,g,h) 

Almco Steel Products Corp., Ind (a, 
b,g) 

Alofs Mfg. Co., Mich (a,b,9) 

Alox Mfg. Co., Mo (a,b,¢,f,9) 

Alpha Metals, Inc., NJ (a,g) 

Aluminum Co. of America, Pa 
(a) 

Aluminum Goods Mfg., Wis (a) 

Aluminum Specialty Co., Wis (a) 

American Brass Co., Conn (a,b,c,f,9,j) 

American Brass Co., Sub. of Anaconda 
Co., NY (b) 

American Emblem Co., Inc., NY (a,b, 
9) 

American Kitchens Div., 
Corp., Ind (g) 

American Mfg. Co., Tenn (a,g) 

American Sheet Metal Works, Inc., 
Conn (a,b,g) 

American Stamping Co., Ohio (a,b,g) 

Anchor Metal Spinning Co., Ohio (a, 
b,c,d,e,f,9,h,)) 

Anderson, O.L. Co., 
b,c,e,f,9,h,j) 

Anderson-Bolling Mfg. Co. Mich (a,9) 

Anthes Force Oiler Co., Iowa (a,g) 

Anti-Corrosive Metal Products Co., 
Inc., NY (g) 

Armor Metal Products Co., Ohio (a,g) 

Art Wire & Stamping Co., NJ 
(a,b,c,d,f,g)—Ad p 330 

Arvin Industries, Inc., Ind (a,g) 

Ashtabula Mfg. Co., Ohio (g) 

Associated Spring Corp., 
Wallace Barnes Steel Div., 
Conn 
(g) 

Atlas Metal Parts Co., Wis (a,b,c,g) 

Auburn Mfg. Co., Conn 
(a,b,c,d,e,f,g)—Ad p 352 

Auel Industries, Pa (a,b,f,g) 

Auld, D.L. Co., Ohio (a,b,c) 

Autel Electronics Co., Precision Ma- 
chine & Welding Div., NJ (a,b,c,e, 
g,h) 

Automotive Rubber Co., 
(f,9) 

Backus Novelty Co., Pa (a,b,c,f,9) 

Barclay Mfg. Co., Ind (c) 

Barium Steel Corp., NY (g) 

Bartlett-Thompson Co., Inc., Mass (a, 
b,f,9) 

Bay State Stamping Co., Mass (a,b,g) 
Beacon Metal Mfg. Co., NY (a,b,c,d, 
e,f,g,h,)) 

Behringer Metal Works, Inc., NJ (a, 
b,c,9) 

Belmet Products, Inc., NY (a,b,g) 
Benjamin Electric Mfg. Co., Ill (a, 
b,g) 

Bennett Mfg. Co., NY (a,b,e,9) 
Biersach & Niedermeyer Co., Wis (a, 
b,c,9) 

Bingham Herbrand Corp., 
Stamping Div., Ohio (g) 

Blacher Bros., Inc., RI (a,b,9) 

Blaco Mfg. Co., Ohio (b,g) 

Blickman, S., Inc., NJ (a,b,c,g) 

Boots Aircraft Nut Corp., Conn (g) 

Borg-Warner Corp., Ingersoll Products 
Div., Ill (9) 


Avco Mfg. 


Inc., Mich (a, 


Inc., Mich 


Bingham 





Brandt, Charles T., Inc., Md (a,b,e, 
f,g) 

Brewer-Titchener Corp., NY (a,g) 

Brooks & Perkins, Inc., Mich 
(a,e,h) 

Budek & Bock Spring Mfg. Co., Ill 
(a,g) 

Burgess-Norton Mfg. Co., Ill (c) 

Campbell, A.S. Co., Inc., Mass (a,g) 

Carbo Tool & Die Co., Ohio (c) 

Carroll Pressed Metal, Inc., Mass (a, 
b,f,9) 

Cartwright, R. Tube Products Co., 
Mich (a,b,9) 

Chase Brass & Copper Co., Conn (b) 

Cincinnati Pump & Mfg. Co., Inc., 
Ohio (g) 

Clendenin Bros., Inc., Md (a,b) 

Cleveland Metal Products Co., 
(a,b,c, f,g) 

Cleveland Pressed Products Corp., Ohio 
(a,b,g) 


Ohio 


Clover Industries, Inc., NY (a) 
Cly-Del Mfg. Co., Inc., Conn (a,b, 
f,9,)) 


Columbia Metal Stamping Co., Ohio 
(a,g9) 

Columbian Steel Tank Co., Mo (9) 

Columbus Dental Mfg. Co., Ohio (a, 
b,c,9) 

Columbus Jack Corp., Ohio (a,c,g) 

Comerford Mfg. Co., Inc., Conn (a, 
b,c,e,f,9,)) 

Commercial Shearing & Stamping Co., 
Ohio (a,b,f,9) 

Consolidated Fruit Jar Co., 
b,c,d,9,J) 

Cooley, W.J. & Co., Tenn (a,b,9) 

Craft Mfg. Co., Ill (a,b,c,d,f,9) 

Croname Inc., Ill (a,b,g) 

Crown Metal Co., Wis (d) 

Cuyahoga Stamping Co., Ohio (a,b,9) 

Cyril Bath Co., Ohio (a,e,f,g,h) 

Dahlin, C.A. Co., Ill (a,b,d,e,f,9,j) 

Danby Mfg. Co., Mich (a,b,9) 

Dare Products, Inc., Mich (g) 

Day Co., Minn (a,g) 

Dayton Rogers Mfg. Co., Minn (a,b,9) 

Dearborn Stamping Co., Mich (g) 

Defiance Metal Products Co., 
(a,9) 

Defiance Stamping Co., Ohio (g) 

Detroit Stamping Co., Mich (a,b,9) 

Dirilyte Co. of America, Inc., Ind 
(a,b) 

Dolin Metal Products, Inc., NY (g) 

Dow Chemical Co., Magnesium Div., 
Mich (e) 

Duplex Mfg. Corp., NY (a,g9) 

Duplican Co., Inc., Mass (a,b,c,e,f, 
9,h,j) 

Earley, Sam C. Corp., Ohio (a,b,9) 

Eastern Tool & Mfg. Co., NJ (a,b,c, 
9) 

Electric Auto-Lite Co., Ohio (a,b,g9) 

Electric Materials Co., Pa (b) 
Electronic Parts Mfg. Co., NJ (c,f,g) 
Ellwood City Iron & Wire Co., Pa (c) 

Emerson-Sack-Warner Corp., Mass (a, 
b,c,f,9) 

Empire Spring Co., Ohio (a,b,9) 
Empire-Reeves Steel Div., Universal- 
Cyclops Steel Corp., Pa (9) 
Enamel Products Co., Ohio (a,c) 
Etched Products Corp., NY (a,b,9) 
Eureka Electric Products Co., Pa 
(a,b) 


NJ (a, 


Ohlo 


Everard Tap & Die Corp., NY (a, 
b,f,g) 
Fabristeel Products, Inc., Mich (g) 


Faistrom Co., NJ (a,b,e,9) 

Farwell Metal Fabricating, Minn (a, 
b,e,9) 

Federal Tool Corp., Ill (a,b,c,g) 

Federal Tool & Mfg. Co., Minn (a, 
b,c,f,g) 

Figley Die & Stamping Co., Ohio (a, 
b,9) 

FitzSimons Mfg. Co., Mich (a,b,9) 

Fletcher Enamel Co., W.Va (a,b,c,d, 
e,f,9) 

Follansbee Steel Corp., Sheet Metal 
Specialty Div., W.Va (a,b,9) 

Forg, Peter Mfg. Co., Mass (a,b,c,9) 
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Fox Co., Ohio (a,b,c,g) 

Fox Products Co., Pa (c) 

Fryling Mfg. Co., Pa (a,b,f,9,j) 

Garco Mfg. Co., Inc., Ill (a,b,c,e,f, 
g,h,j) 

Gary Steel Products Corp., Va (a,9) 

General Alloys Co., Mass (a,b,f,g) 

General Extrusions, Inc., Ohio 
(a) 


General Findings & Supply Co., In- 
dustrial Div., Mass (a,b,c,f,g) 

General Gasket, Inc., Conn (a,b,c,d,9) 

Geometric Stamping Co., Ohio (a,b,9) 

Gerstenslage Co., Ohio (a,g) 

Geuder, Paeschke & Frey Co., Wis (a, 
c,f,g) 

Giant Grip Mfg. Co., Wis (a,c,e,f,9,h) 

Grammes, L.F. & Sons, Inc., Pa (a,b, 
g) 

Grand Haven Stamped Products Co., 
Mich (a,b,9,)) 

Grand Sheet Metal Products Co., Con- 
sumer Products Div., Ill (a,b,c,e,f, 
9,h,J) 

Greene, G.G. Corp., Pa (a,b,e,f,9,j) 

Greene Mfg. Co., Wis (a,9) 

Guarantee Specialty Mfg. Co., 
(a,b,c,9,J) 

H.K. Metal Craft Mfg. Corp., NY (a, 
b,c,9,j) 

H P L Mfg. Co., Ohio 
(a,b,g)—Ad p 350 

Haigh Mfg. Co., Mich (a,b,f) 

Hardy Mfg. Corp., Ind (a,b,9) 

Headly Mfg. Co., Ill (8,b,c,e,f,9,h,j) 

Heypian Mfg. Co., NJ ~(a,b,f,g) 

Hoofer Mfg. Co., Ill (a,g) 

Houston Blow Pipe & Sheet Metal 
Works, Tex (a,b,9) 

Hunter Spring Co., Pa (b,g) 

Ideal Can Co., Mass (a,b,c,g) 

Indium Corp. of America, NY 
(d) 

Indus Corp., Ind (g) 

Industrial Precision Products, Ill (a, 
b,c,e,f,9,h,j) 

Ingram-Richardson, Inc., Ind (g) 

Inshield Die & Stamping Co., Ohio 
(a,b,g) 

Instrument Specialties Co., 
Inc., NJ 
(b)—Ad p 343 

Interlake Mfg. Co., Mich (a,g) 

Irvington Form & Tank Corp., NY (a, 
b,g) 

Irwin Foundry and Mine Car Co., Pa 
(g) 

Jackson Auto Radiator, Ill (a,b,g) 

Jarco Metal Products, NY (a,b.q,j) 

Judd Industries, Inc., Ohio (a,b,9) 

K-D Mfg. Co., Tex (9) 

Kaiser Steel Corp., Calif (9) 

Kees, F.D. Mfg. Co., Neb (a,b,g) 

Kelley Mfg. Co., Tex (a,b,g) 

Kenmore Machine Products, Inc., NY 
(b) 

Kickhaefer Mfg. Co., Wis (a,b,g) 


Ohio 


King Laboratories, Inc., NY (a,b,c, 
f,9) 

Kirchhof Patent Co., Inc., NY (a,b, 
c,f,9,)) 


Kling Metal Spinning & Stamping Co., 
NY (a,b,c,d,e,f,9,j) 

Koehler Mfg. Co., Mass (a,b,c,d,9) 

Krueger & Hudepohl, Inc., Ohio (a, 
b,c,f,9) 

Laminated Shim Co., 
(a,b,9)—Ad pp 340-41 


Larkin Specialty Mfg. Co., Calif (a,b, 
) 


Conn 


g 

Larson Tool & Stamping Co., Mass (a, 
b,c,e,f,g,h,j) 

Laystrom Mfg. Co., Ill (a,b,c,f,9,j) 

Leake Engineering Co., Mich (a,b,c, 
d,e,f,9,h,)) 

Linden & Co., Inc., RI (a,b,9) 

Lukens Steel Co., Pa 
(a,b,e,f,9,h) 

Lundquist Tool & Mfg. Co., 
Mass (a,b,c,e,f,9,h) 

Lynn, Gary Co., Ohio (a,b,9) 

Machine Products Corp., Ohio (a,b,d,f, 
9) 


Inc., 





Magline, Inc., Mich (e) 

Magnesium Co. of America, Ill (a,e) 

Magnesium Products of Milwaukee, 
Inc., Wis (a,e) 

Magnetic Stamping Co., Pa (a,b,9) 


Makepeace, D.E. Div., Engelhard In- | 


dustries, Inc., Mass (b) 

Maloney, F.H. Co., Tex (g) 

Manganese Steel Forge Co., Pa (g) 

Manufacturers Service, Inc., Ohio (a, 
b,g) 

Mayville Metal Products Co., Wis (a, 
b,g) 

McDowell Mfg. Co., Pa (a,b,g) 

McKinney Mfg. Co., Pa (a,b,e,f,g) 

McLanahan & Stone Corp., Pa (c,g) 

Melco Wire Products, Calif (a) 

Melray Mfg. Co., Ill (a,b,c,d,e,f,9,h,j) 

Metal Forming Corp., Ind (a,b,c,e,f, 
9,h,)) 

Metal Parts & Stamping Co., Ohio 
(a,b,c,f,9,h,J) 

Metallurgical Products Co., Pa (a,b,f, 
h,p) 

Micacraft Products, Inc., NJ (a) 

Midwest Stamping & Mfg. Co., Ohio 
(a,b,f,9) 

Milwaukee Stamping Co., Wis (a,b,g) 

Mirro Aluminum Co., Wis (a) 

Misner Corp., Neb (a,b,c,g) 

Monarch Tool & Mfg. Co., Ky (a,b,c, 
9) 

Morrison Steel Products, Inc., NY (g) 

Morse, Fred W. Co., RI (a,b,c,g,j) 

Mueller Machine Products, Inc., Wis 
(a,b,c,d,f,g) 

National Gasket & Washer Mfg. Co., 
Inc., NY (a,b,c,d,e,f,9,h,j) 

National Lead Co., NY (a,c,h) 

National Metal Products Co., Pa (a, 
c,9) 

National Supply Co., Pa (g) 

— Wire Cloth Co., NJ (a,b,c,d, 
9 

Nichols, L.0. & Son Mfg. Co., Mo (a, 
b,c,g) 

Nigg Engineering Corp., Calif (a,b,c,g) 

Noera Mfg. Co., Conn (a,b,g) 

Norcross, C.S. & Sons Co., Ill (g) 

Ohio Nut & Washer Co., Ohio (a,g) 

Ormond Mfg., Co., Inc., NJ (a,b,f,j) 

Pabst Engineering Equipment Co., 
Inc., NJ (a,b,c,e,f,g) 

Paragon Spring Co., Ill (a,b,c,f,g) 

Parish Pressed Steel Div., Dana Corp., 
Pa (a,g) 

Parker, Charles Co., Conn (a,f) 

Parker Metal Goods Co., Mass (a,b,g) 

Peck Spring Co., Conn (a,b,c,f,9,h) 

Peerless Products Industries, Ili (a, 
b,g) 

Pemco Wheel Co., Mich (g) 

Penn Fibre & Specialty Co., Inc., Pa 
(a,b,c,d,e,f,9,)) 

Penrod, Floyd & Sons Tool & En- 
gineering Corp., Ind (a,b,g) 

Peterson Products Corp., Ill (a,b,f,g) 

Phoenix Iron & Steel Co., Pa (a,g) 

Pierce Governor of Ohio, Inc., Ohio 
(a,9) 





Suppliers of Materials 


Pioneer Stamped Products Co., NY (a, 
b,c,d,e,f,g,h) 

Pittsburgh Forgings Co., Mich (g) 

Porter, H.K., Inc., Forge & Fittings 
Div., Ohio (a,g) 

Powell Pressed Steel Co., Ohio (a,g) 

Premier Metal Works, Inc., Ill (a,b, 
f,g) 

Pressed Steel Co., Pa (a,b,f,g) 

Presswork, Inc., Mich (a,b,d,g) 

Queen Products Co., Inc., Ky (a,b,9) 

Reed & Prince Mfg. Co., Mass (a,b, 
c,9) 

Regal Ware, Inc., Wis (a,b,9) 

Reliable Spring & Wire Forms Co., 
Ohio (a,b,f,g) 


Republic Steel Corp., Ohio 
(g) 

Revere Copper & Brass, Inc., NY (a, 
b,c,f,g,j) 

Rex Corp., Mass (a,9) 

Reynolds Metals Co., Va (a) 

Rochester Novelty Works, Inc., NY 
(a,9) 


Rockwell - Standard Corp., 
Stamping Div., NY 
(a,b,c,d,e,f,9,h,jJN—Ad p 348 

Rolock, Inc., Conn (f) 

Roth Steel Products Co., Ohio (g) 

Ryerson, Joseph T. & Son, Inc., Ill 
(a,g) 

St. Marys Carbon Co., Pa (b) 

Salem Tool Co., Ohio (g) 

Sargent & Greenleaf, Inc., NY (a,b,g) 


Scovill Mfg. Co., Mill Prod- 
ucts Div., Conn 
(a,b,c, f,g) 

Searjeant Metal 
(g) 

Security Sash & Screen Co., Mich (a) 

Servwell Products Co., Ohio (b,g) 

Shakeproof Div., Illinois Tool Works, 
Ill (b,g) 

Shank Metal Products Co., NY (a,g) 

Sheet Metal Mfg. Co., Ohio (a,g) 

Shelby Mfg. Co., Ohio (g) 

Sheller Mfg. Corp., Mich (9) 

Simonsen Metal Products Co., Ill (a, 
9) 

Sinclair Co., Mass (b,g) 

Sioux City Foundry & Boiler Co., 
Iowa (g) 

Smithers Tool & Machine Products, 
Inc., NY (g) 

Smith-Victor Corp., Ind (a,9) 

Smoot-Holman Co., Calif (9) 

Sommer Metalcraft Corp., Ind (a,g) 

South River Metal Products Co., Inc., 


Products, Inc., NJ 


NJ (a,e,9) 

Southern Car & Mfg. Co., Inc., Ala 
(a,b,g) 

Southwestern Porcelain Steel Corp., 
Okla (g) 

Spincraft, Inc., Wis (a,b,9) 


Stainless Metals, Inc., NY (c,f,h) 

Stamford Metal Specialty Co., Inc., 
NY (a,f,g) 

Standard Forge & Axle Co., Inc., Ala 
(g) 

Standard Nut & Bolt Co., RI (a,b,f,g) 





Standard Steel Sections, Inc., NY (a, 
b,c,9) 

Stanley Industrial 
Works, Conn (g) 

Star Stamping Co., Mich (a,b,9) 

Staver Co., Inc., NY (a,b,c,d,e,f,9,h,]) 

Steel Heddle Mfg. Co., Pa (a,b,c,e,f,9, 
h,)) 

Steel Industries, Inc., Ind (a,b,9) 

Steinen, William Mfg. Co., NJ (a,b, 
c,g) 

Stenman, Bror F., Mass (a,9) 


Sales, Stanley 


Stimpson, Edwin B. Co., Inc., NY 
(a,b,f,9,)) 

Stirrup Metal Products Corp., NJ (a, 
b,c,9) 


Superior Spinning & Stamping Co., 
Ohio (a,b,f,9) 


Sylvania Electric Products, 
Inc., Pa 
(a,b,c, f,9) 

Textile Shield Co., Inc., Mass (a,b,g) 

Thompson Products, Inc., Ohio (g) 

Thompson-Bremer & Co., Ill (a,b,c,f, 
g,h) 

Toledo Stamping & Mfg. Co., Ohio 
(a,b,9,h) 

Transue & Williams 
Corp., Ohio (f,g) 

Triangle Stamping Co., Ohio (a,b,c,d,f, 


Steel Forging 


9,)) 

Turner & Seymour Mfg. Co., Conn (a, 
b,g) 

United Metal Products Corp., Mich 
(a,b,c,9) 


United Screw & Bolt Corp., Ill (a, 
b,g) 


United Shoe Machinery Corp., Mass 
(a,b,f,9,)) 

U.S. Gasket & Shim Co., Ohio (a, 
b,c,d,e,f,g,h,j) 


United-Carr Fastener Corp., Mass (a, 
b,g) 

Unity Machine & Tool Corp., Pa (a, 
b,g) 

Van Valkenburg, L.A. Co., Mass (a, 
b,c,f,9) 

Variety Stamping Corp., Ohio (a,b,c,9) 

WLS Stamping Co., Ohio (a,b,c,d,e, 
f,g,h,)) 

Wabash Metal 
Ind (a,b,9) 

Wagner, E.P. Mfg. Co., Wis (a,b,c,9, 
1] 

Wagner Specialty Co., Wis (a,b,c,9, 
p 

Wall, P. Mfg. Co., Pa (a,b,9) 

Wall Tube & Metal Products Co., Tenn 
(g) 

Ward, H.H. Co., Pa (a,b,c,f,g,j) 

Waterbury Buckle Co., Conn (a,g,j) 


Products Co., Inc., 


Waterbury Cos., Inc., Conn 
(a,b,g) 

Waterbury Pressed Metal Co., Conn 
(a,b, f,9) 

Waterman Industrial, Inc., Calif (a, 
b,9) 

Wayne Foundry & Stamping Co., Mich 
(a,b,e,9,h) 


Weatherhead Co., Ind (a,b,9,h) 
Weber-Knapp Co., NY (a,9) 





MATERIALS 


a—Aluminum and its alloys 
b—Copper and its alloys 


d—tLead and its alloys 


BASIC FORMS 
m—Anodes 


o—Bar 
polymers or gums 
p—Base resins, 


q—Billets 





c—lron and its alloys (except steel) 


KEY 


e—Magnesium and its alloys 
f—Nickel and its alloys 
g—Steels 

h—tTitanium and its alloys 


— gee ee ee ee 


e—Custom formed parts 
(incl. specialties) 

s—Fibers 

t—Film 

u—Foams (component 
materials or products) 


v—Foil 
w—lIngot 


resins 


z—Plate 


x—Laminating, casting 


y—Molding compounds 


j—Zinc and its alloys 
k—Thermoplastics 
i—Thermosetting plastics 
m—Elastomers 


aa—Powder 
bb—Rod 
cc—Sheet 
dd—Strip 
ee—Tubing 
ff—Wire 
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IN DESIGN ENGINEERING 





Welding Apparatus Co., Ill (a,f,g) 

Wesbar Stamping Corp., Wis (a,g) 

Wesco Spring Co., Ill (g) 

Western Tool & Die Works, Ore (a,b, 
g) 

Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa (f) 

Wilder Mfg. Co., Inc., Calif (a,c,g) 

Williams, F.B. Co., Ill (g) 

Williams, H.E. Products Co., Mo (a, 
b,c,g,j) 

Wirth, Carl & Son, Inc., NY (a,b,c,q) 

Wisconsin Gasket & Mfg. Co., Wis 
(a,b,9) 

Wisconsin Tool & Stamping Co., Ill 
(a,b,d,f,9,j) 

Wood, John Co., Minn (g) 

Woolf Aircraft Products, Inc., Mich 


(a,b,g) 

Worcester Pressed Steel Co., Mass (a, 
b,c,e,f,9g,h,j) 

Worcester Stamped Metal Co., Mas: 
(a,b,e,f,9,h,j) 


Worth Co., Wis (a,b,c,g) 

Wuest Bros., Inc., Ky (a,b,c,f,g) 

Youngstown Kitchens Div., American 
Standard Co., Ohio (a,g) 

Youngstown Mfg., Inc., Ohio (a,g) 

Youngstown Sheet and Tube Co., Ohio 
(g) 


Steatite 


(see Ceramics) 


Steel, Carbon 


Acme Tube, Inc., NJ (ee) 
Acme-Newport Steel Co., Ky (w,z,cc) 
Advance Screw Products Co., Inc., 
Wis (0) 
Advance Stamping Co., Mich (dd) 
Ainsworth-Precision Castings 
Co., Div. of Harsco Corp., 
Mich 
(ee) 


Alan Wood Steel Co., Pa (0,9,w,z,cc, 
dd) 

Albert Wright Screw Machine Products 
Calif (bb) 

Alco Products, Inc., NY (q,aa) 

Allegheny Ludium 
Corp., Pa 
(dd) 

Alloy Metal Powders, Inc., lowa (aa) 

Almco Steel Products Corp., Ind (o, 
z,bb,cc,dd) 

Amalgamated Steel Corp., Ohio (0,bb) 

American Cast Iron Pipe Co., 
Ala 
(ee)—Ad p 329 


American Metal Products, Inc., Ohio 
(z,cc) 

American Sheet Metal Works, Inc., 
Conn (bb,cc,ee, ff) 

American Silver Co., NY (v,dd) 

American Steel & Wire Div., U.S. 
Steel Corp., Ohio (0,bb,dd, ff) 

Ames, W. & Co., NJ (0) 
Anchor Drawn Steel Co., Div. of Vana- 
dium-Alloys Steel Co., Pa (bb, ff) 
Aristoloy Steel Div., Copperweld Stee! 
Co., Ohio (0,q,w) 

Armco Steel Corp., Ohio (0,z,bb,cc, 
dd, ff) 

Armco Steel Corp., Sheffield Div., Mo 
(0,q,w,z,bb,cc,dd, ff) 

Athenia Stee! Div., National Standard 
Co., NJ (dd) 

Atlantic Steel Co., Ga (0,q,w,z,bb,cc, 
dd,ee, ff) 

Austenal, Inc., NY (w) 

Babcock & Wilcox Co., Tubular Prod- 
ucts Div., Pa (ee) 

Barium Steel Corp., NY (q,w,z,ee) 

Baxter Foundry & Machine Works, Inc., 
Id (0,z,bb,cc,dd) 

Bethlehem Steel Co., Pa (0,q,z,bb, 
cc,dd,ee, ff) 

Biddle Screw Products Co., Ind (bb, 
ee) 

Bliss & Laughlin, Inc., Ill (o) 


Steel 


























































































Brainard Steel Div., Sharon Steel 
Corp., Ohio (ee) 

Budek & Bock Spring Mfg. Co., Ill 
(dd, ff) 

Burkhardt Steel Co., Colo (0,z,cc,dd, 
ee) 

Byers, A.M. Co., Pa (0,q,w,z,cc) 

Cannon-Muskegon Corp., Mich (w) 

Carpenter Steel Co., Pa (0,q,w,bb,dd, 
ff) 

Caspers Tin Plate Co., Ill (cc,dd) 


Castle, A.M. & Co., Ill (0,z,bb,cc, 
dd,ee, ff) 
Central Fabricators, Inc., Ohio (z, 
bb,cc,ee) 
Chicago Steel Service Co., Ill (o,z, 
bb,cc,dd) 
Cincinnati Pump & Mfg. Co., Inc., 
Ohio (ff) 


Clad-Rex Corp., Ill (cc) 

Clark Perforating Co., Mich (cc,dd) 

Clayton Mark & Co., Ill (ee) 

Colonial Steel Div., Vanadium-Alloys 
Steel Co., Pa (0,q,w,z,bb,cc,ff) 
Connors Steel Div., H.K. Porter Co., 

Inc., Ala (0,q,w,dd) 

Continental Steel Corp., Ind (0,q,bb, ff) 

Crucible Steel Co. of America, Pa (o, 
q,w,z,bb,cc,dd,ee, ff) 

Crucible Steel Co. of America, Ti- 
tanium & Vacuum Metal Products 
Div., Pa (0,q,z,bb,cc,dd, ff) 

Cumberland Steel Co., Md (0) 

Dahlin, C.A. Co., Ili (z,cc,dd,ee) 

Designers Metal Corp., Ill (cc) 

Detroit Steel Corp., Portsmouth Div., 
Mich (q,w,bb,cc) 

Dixon Sintaloy, Inc., Conn (0) 

Eaton Mfg. Co., Reliance Div., Ohio 
(0, ff) 


Edgcomb Steel & Aluminum 
Corp., NJ 
(o,z,cc,dd)—Ad p 70 
Elliott Bros. Steel Co., Pa (cc,dd) 
Empire-Reeves Steel Div., Universal- 
Cyclops Steel Corp., Pa (z,cc) 
Enterprise Wheel & Car Corp., Va (o, 
z,cc) 
Follansbee Steel Corp., W.Va (cc,dd) 
Forg, Peter Mfg. Co., Mass (cc) 
Fort Howard Steel & Wire Co., Wis 
(o) 
Franklin Steel 
Corp., Pa (o) 


Frasse, Peter A. & Co., Inc., 
NY 
(o,bb,cc,dd,ee, ff) 

Fromson Orban Co., Inc., NY (ee) 

Gary Steel Products Corp., Va (0,z,cc) 

General Motors Corp., Rochester Prod- 
ucts Div., NY (ee) 

Granite City Steel Co., Ill (w,z,cc) 

Great Lakes Steel Corp., Div. of Na- 
tional Steel Corp., Mich (z,cc,dd) 

Hardy, Charles, Inc., NY (aa) 

Hayden Wire Works, Inc., Mass (0, 
bb,ee, ff) 

Inland Steel Co., Ili (0,z,cc,dd) 

Inshield Die & Stamping Co., Ohio 
(cc) 

Isaacson Iron Works, Wash (q,w) 

Jackson Steel Products, Inc., NY (ee) 

Jones & Laughlin Steel Corp., Pa (o, 
q,z,bb,cc,dd,ee, ff) 

Jones & Laughlin Steel Corp., Strip 
Steel Div., Ohio (dd) 

K-D Mfg. Co., Tex (o) 

Kaiser Steel Corp., Calif (n,0,q,w, 
z,bb,cc,dd,ee) 

Keystone Drawn Steel Co., Pa (o) 

— Steel & Wire Co., Ill (w, 

Kinkead Industries, Inc., Ill (o,z,bb, 
cc,dd) 

Korhumel Steel and Aluminum Co., 
Ill (0,z,bb,cc,dd, ff) 

—- Steel Co., Mo (0,q,w,bb,dd, 
ee, 

—_ Charles E. & Sons, Inc., Ill 
() 

La Salle Steel Co., Il! (o) 

Levinson Steel Co., Pa (0,z,bb,cc,dd) 

Lock Joint Tube Co., Inc., Ind (ee) 

Lockport Mfg. Co., Ill (z) 


Div., Borg-Warner 





Lukens Steel Co., Pa 
(w,z)—Ad pp 66-67 

Lundquist Tool & Mfg. Co., 
Mass (bb,cc,dd,ee, ff) 

Luria Engineering Co., Pa (z,bb,cc) 
Mahon, R.C. Co., Mich (0,z,cc,dd) 
Makepeace, D.E. Div., Engelhard In- 
dustries Inc., Mass (o,dd,ee) 


Mallory-Sharon Metals Corp., 
Ohio 
(cc) 

McCarter Iron Works, Inc., Pa (0,z,bb, 
cc) 

McGregor-Michigan Corp., Mich (z) 

McInnes Steel Co., Pa (o) 

McLouth Steel Corp., Mich (cc,dd) 

Mechanical Steel Tubing Corp., NY 
(ee) 

Metallizing Co. of Los Angeles, Inc., 
Calif (ff) 

Michigan Seamless Tube Co., 
(ee) 

Midvale-Heppenstall Co., Pa (w) 

Modern Plating Corp., Ill (z) 

Morrisville Foundry Co., Inc., Vt (bb, 
cc,dd) 

Murray, A.B. Co., Inc., NJ (ee) 

Narragansett Boiler Works, Inc., RI 
(0,z,bb,cc,ee) 

National Galvanizing Co., 
cc,ee) 

National Lock Washer Co., NJ (ff) 

National Supply Co., Industrial Prod- 
ucts Div., Calif (0,q,w) 

National Tube Div., U.S. Steel Corp., 
Pa (ee) 

National U.S. Radiator Corp., Plastic 
Metals Div., Pa (aa) 

National-Standard Co., Mich (dd,ff) 

Nesor Alloy Products Co., NJ (ff) 

New York Iron Roofing & Corrugating 
Co., Inc., NJ (cc) 

Newman-Crosby Steel Co., RI (dd) 

Nikoh Tube Co., Ill (bb,cc,dd,ee) 

Norrich Plastics Corp., Screw Ma- 
chine Products Div., NY (o0,bb,ee) 

Northwestern Steel & Wire Co., Ill 
(0,q,w,z,bb, ff) 

Norwalk Powdered Metals, Inc., Conn 
(aa) 

Ormond Mfg. Co., Inc., NJ (cc,dd,ff) 

Pacific States Steel Corp., Calif (o, 
q,w) 

Pacific Tube Co., Calif (o) 

Page Steel & Wire Div., American 
Chain & Cable Co., Inc., Pa (ff) 

Peninsular Steel Co., Mich (0,z) 

Phoenix Iron & Steel Co., Pa (z) 

Pittsburgh Forgings Co., Mich (0,q) 

Pittsburgh Steel Co., Pa (q,w,bb,cc, 
dd,ee, ff) 

Precision Tube Co., Inc., Pa (ee) 

Rathbone Corp., Mass (0,bb) 

Republic Steel Corp., Ohio 
(0,q,w,z,bb,cc,dd,ee, ff) 

Reynolds Aluminum Supply Co., Ga 


Inc., 


Mich 


Pa (z,bb, 


Rigidized Metals Corp., NY (cc,dd) 

Roebling’s, John A. Sons Corp., NJ 
(bb, dd, ff) 

Rome Strip Steel Co., Inc., NY (0, 
z,dd, ff) 

Ross-Meehan Foundries, Tenn (0) 

Ryerson, Joseph T. & Son, Inc., Ill 
(0,q,z,bb,cc,dd,ee, ff) 

St. Louis Steel Casting, Inc., Mo (o) 

Sandusky Foundry & Machine 
Co., Ohio 
(ee) 

Sandvik Steel, Inc., NJ 
(dd)—Ad p 68 

Saran Lined Pipe Co., Mich (ee) 

= Tubular Products, Inc., Pa 
ee) 

Scudder, E.J. Foundry & Machine 
Co., NJ (bb,ee) 

Service Steel Div., Van Pelt Corp., 
Mich (ee) 

Sharon Steel Corp., Pa (q,w,z,cc,dd, 
ee) 

Sharpsville Steel 
Pa (0,z,bb,cc) 

Shaw-Kendall Engineering Co., Ohio 

(ee) 


Fabricators, Inc., 





Simonds Saw & Steel Co., Mass (0,cc) 

Smith-Moon Steel Co., Inc., Kan (0, 
z,cc) 

Sonken-Galamba Corp., 
ee) 

Standard Steel Works Div., Baldwin- 
Lima-Hamilton Corp., Pa (q,w) 
Star Heel Plate Co., Inc., NJ (o0,z, 

bb,cc,dd,ee, ff) 
Sun Steel Co., Ill (0,z,bb,cc,dd) 
Superior Drawn Steel Co., Pa (0,bb, ff) 
Superior Steel Div., Copperweld Steel 
Co., Pa (dd) 
Superior Tube Co., Pa (ee) 
Sweet’s Steel Co., Va (o) 


Sylvania Electric Products, 
Inc., Parts Div., Pa 
(fflh—Ad p 249 


Thomas Strip Div., Pittsburgh 
Steel Co., Pa 
(dd)—Ad pp 74-5 

Thompson Industries, Inc., NY (bb) 

Thompson Wire Co., Mass (dd) 

Timken Roller Bearing Co., Steel & 
Tube Div., Ohio (ee) 

Topeka Foundry & Iron Works Co., 
Inc., Kan (0,z,bb,cc,dd) 

Trojan Steel Co., W.Va (0,z,bb,cc,dd) 

Tube Distributors Co., Inc., NY (ee) 

Tube Reducing Corp., NJ (ee) 

Udylite Corp., Mich (n) 

Union Iron Works, Wash (0,2z,cc,dd,ee) 

Union Steel Corp., NJ (dd) 

United Screw & Bolt Corp., lil (bb, 
cc,dd, ff) 

U.S. Challenge & Challenge Co., III 
(bb) 

U.S. Gasket & Shim Co., Ohio (cc,dd) 


U.S. Steel Corp., Pa 
(0,q,w,z,bb,cc,dd,ff)—Ad p 77 

Vanadium-Alloys Steel Co., Pa (o,q, 
w,z,aa,bb,cc, ff) 

Vulcan Rail & Construction Co., NY 
(o,dd,ee) 

Vulcan-Kidd Steel Div., H.K. Porter 
Co., Inc., Pa (0,q,w,bb,ff) 

Wallace Tube Co., Div. of Wallace 
Supplies Mfg. Co., Ill (ee) 

Wal-Mar Corp., Ill (ee) 

Washburn Wire Co., Phillipsdale Div., 
RI (q,bb,dd) 


Weirton Steel Co., Div. of 
National Steel Corp., W.Va 
(z,cc,dd) 

Western Automatic Machine Screw Co., 
Div. of Standard Screw Co., Ohio 
(o) 

Western Iron & Foundry Co., 
Kan (0,z,bb,cc,dd) 

Wheatland Tube Co., Pa (ee) 

Wickwire Bros., Inc., NY (bb,ff) 

Wickwire Spencer Steel Div., Colorado 
Fuel & Iron Corp., NY (w,z) 

Wilson Steel & Wire Co., Ill (ff) 

Wyckoff Steel Co., Pa (o,z) 

Youngstown Sheet and Tube Co., Ohio 
(0,z,bb,cc,dd,ee, ff) 


Kan (z,bb,cc, 





Inc., 


Steel, Carbon— 


Castings 


Acco Steel Casting Div., American 
Chain & Cable Co., Inc., Pa 

Adirondack Foundries & Steel, Inc., 
NY 

Allied Steel Castings Co., Ill 

All-Metals Precision Casting Corp., 
NY 

Alloy Cast Steel Co., Ohio 

Alloy Precision Castings Co., Ohio 

Alloy Steel & Metals Co., Calif 


American Cast Iron Pipe Co., 
Ala 

American Steel Foundries, Il! 

Arneson Foundry Co., Wis 

Arwood Precision Castings Corp., NY 

Atlantic Foundry Co., Ohio 

Atlantic Steel Castings Co., Pa 

Austenal, Inc., NY 

Auto Specialties Mfg. Co., Mich 

Beaver Valley Alloy Foundry Co., Pa 








Bethlehem Steel Co., Pa 

Birdsboro Steel Foundry & Machine 
Co., Pa 

Blaw-Knox Co., Pa 

Bone Engineering Corp., Calif 

Calumet Steel Castings Corp., Ind 

Campbell, Wyant & Cannon Foundry 
Co., Div. of Textron, Inc., Mich 

Commercial Steel Casting Co., Ohio 

Continental Foundry & Machine Co., 
Ind 

Crucible Steel Casting Co., Pa 

Crucible Steel Co. of America, Pa 

Dayton Steel Foundry Co., Ohio 

Eastern Malleable Iron Co., Del 

Electric Steel Castings Co., Ind 

Electric Steel Foundry Co., Ore 

Electrocast Steel Foundry Co., Ill 

Empire Foundry Co., Inc., Calif 

Empire Steel Castings, Inc., Pa 

Falk Corp., Wis 

Farrel-Birmingham Co., Inc., Conn 

Federal Steel Products Corp., Tex 

Fort Pitt Steel Casting Div., Pitts- 
burgh Steel Foundry Corp., Pa 

General Electric Co., Foundry Dept., 
NY 

Glover Machine Works, Ga 

Grede Foundries, Inc., Wis 

Gunite Foundries Corp., Ill 

Hartford Electric Steel Corp., Conn 

Hica, Inc., La 

Hitchiner Mfg. Co., Inc., NH 

Howard Foundry Co., Ill 

Hughes Tool Co., Tex 

Humphrey Castings, Inc., Calif 

Illinois Precise Casting Co.,” Ill 

Kay-Brunner Steel Products, Inc., Calif 

LFM Mfg. Co., Inc., Sub. of Rockwell 
Mfg. Co., Kan 

Lebanon Steel Foundry, Pa 

Lectromelt Casting Div., Akron Stand- 
ard Mold Co., Ohio 

Liberty Foundry Co., Mo 

Lincoln Iron Works, Vt 

Los Angeles Steel Casting Co., Calif 

Mackintosh-Hemphill Div., E.W. Bliss 
Co., Pa 

Manco Products, Inc., Mich 

Massillon Steel Casting Co., Ohio 

Mercast Mfg. Corp., Calif 

Midwest Precision Castings Co., Ohio 

Minneapolis Electric Steel Casting 
Co., Minn 

Misco Precision Casting Co., Mich 

Missouri Steel Castings Co., Mo 

Monroe Steel Castings Co., Mich 

Montague Machine Co., Mass 
National Iron Co., Minn 

National Malleable & Steel Castings 
Co., Ohio 

National Precision Casting 
Div. of Beryllium Corp., Pa 
National Supply Co., Pa 
Ohio Steel Foundry Co., Ohio 

Oklahoma Steel Castings Div., Ameri- 
can Steel & Pump Corp., Okla 

Olympic Steel Works, Wash 

Omaha Steel Works, Neb 

Pelton Steel Casting Co., Wis 
Penn Steel Castings Co., Pa 

Perfecto Cast, Calif 

Picco, Inc., Calif 

Pittsburgh Steel Foundry Corp., Pa 
Posey Iron Works, Inc., Pa 

Pratt & Letchworth Div., Dayton Mal- 
leable Iron Co., Inc., NY 
Precision Founders, Inc., Calif 
Quaker Alloy Casting Co., Pa 
Quality Electric Steel Castings, Inc., 
Tex 

Quincy Steel Casting Co., Mass 
Racine Steel Castings Co., Wis 
Reliance Steel Castings Co., Pa 
Ross-Meehan Foundries, Tenn 

St. Louis Steel Casting, Inc., Mo 


Sandusky Foundry & Machine 
Co., Ohio 

Sawbrook Steel Castings Co., Ohio 

Scullin Steel Co., Mo 

Sharpsville Steel Fabricators, 
Pa 

Sivyer Steel Casting Co., Wis 

Skookum Co., Inc., Ore 


Sorp., 


Inc., 
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Sorbo-Mat 
neers, Mo 
Standard Steel Works Div., Baldwin- 
Lima-Hamilton Corp., Pa 
Star Heel Plate Co., Inc., NJ 
Strong Steel Foundry Co., NY 
Superior Foundry, Inc., Ohio 
Superior Steel & Malleable Castings 
Co., Mich 
Swedish Crucible Steel Co., Mich 
Texas Foundries, Inc., Tex 
Texas Steel Co., Tex 
Thys Co., Calif 
Union Iron Works, Wash 
Union Spring & Mfg- Co., Pa 
Unitcast Corp., Ohio 
—Ad p 330 
U.S. Pipe & Foundry Co., Ala 
Utility Steel Foundry, Calif 
Valley Steel Casting Co., Mich 
Vulcan Iron Works, Pa 
Washington Iron Works, Wash 
West Stee! Casting Co., Ohio 
Westinghouse Electric Corp., Pa 
Westilectric Castings, Inc., Calif 
Worthington Corp., NJ 


Process Engi- 


Steel, Heat and 
Corrosion 
Resistant 


Acme Tube, Inc., NJ (ee) 
Advance Stamping Co., Mich (dd) 
Alco Products, Inc., NY (q) 
Allegheny Ludium 
Corp., Pa 
(0,q,w,z,bb,cc,dd,ee, ff) 
Alloy Metal Powders, Inc., NY (aa) 
Alloy Metal Products, Inc., lowa (c,q, 
w) 
Alofs Mfg. Co., Mich (dd) 


American Cast Iron Pipe Co., 
Ala 
(ee)—Ad p 329 

American Sheet Metal Works, Inc., 
Conn (bb,cc,ee, ff) 

American Silver Co., NY (v,dd) 

American Steel & Wire Div., U.S. 
Steel Corp., Ohio (dd,ff) 

Anchor Drawn Steel Co., Div. of 
Vanadium-Alloys Steel Co., Pa (bb, 
ff) 

Aristoloy Steel Div., Copperweid Steel 
Co., Ohio (0,q) 

Armco Steel Corp., Ohio (0,q,v,z,bb, 
cc, dd, ff) 

Athenia Steel Div., National-Standard 
Co., NJ (dd) 

Austenal, Inc., NY (w) 

Babcock & Wilcox Co., Tubular Prod- 
ucts Div., Pa (ee) 

Bethlehem Steel Co., Pa (0,q,z,bb,cc, 
dd,ee, ff) 

Biddie Screw Products Co., Ind (bb) 


Steel 


Bishop, J. & Co. Platinum 
Works, Stainiess Steel 
Products Div., Pa 
(ee, ff)—Ad p 324 


Bridgeport Brass Co., Conn (bb) 
Brinkerhoff Brass & Bronze Works, 
Inc., NY (2,bb,¢c) 
Byers, A.M. Co., Pa (0,q,w,2,cc) 
Cannon-Muskegon Corp., Mich (w) 
Carison, G.O., Inc., Pa (0,z,cc) 
— Steel Co., Pa (0,q,w,bb,dd, 
) 
Carpenter Steel Co., Alloy Tube Div., 
NJ (ff) 
Castle, A.M. & Co., Ill (0,q,z,cc,dd, ff) 
Central Fabricators, Inc., Ohio (z,bb, 
cc,ee) 
Chromalloy Corp., NY 
(cc) 


Colonial Steel Div., Vanadium-Alloys 
Steel Co., Pa (0,q,w,z,bb,cc,ff) 
Crucible Steel Co. of America, Pa 

(0,q,w,z,bb,cc,dd,ee, ff) 





Suppliers of Materials 


Crucible Steel Co. of America, Ti- 
tanium & Vacuum Metal Products 
Div., Pa (0,q,z,bb,cc,dd, ff) 

Curtiss-Wright Corp., Metals 
Processing Div., NY 
(ee) 


Damascus Tube Co., Pa 
(ee)—Ad p 351 
Dixon Sintaloy, Inc., Conn (o) 


Driver, Wilbur B. Co., NJ 
(v,bb,dd,ff)—Ad p 131 

Eastern Stainless Steel Corp., Md (z, 
cc) 

Eaton Mfg. Co., Reliance Div., Ohio 
(0, ff) 


Edgcomb Steel & Aluminum 
Corp., NJ 
(0,z,cc,dd) 

Electric Steel Foundry Co., Ore (0,q, 
w,z,bb,cc,dd,ee, ff) 

Erskine Precision Wire Corp., Pa (ff) 

Firth Sterling, Inc., Pa (0,q,bb,dd) 


Frasse, Peter A. & Co., Inc., 
NY 
(o,bb,cc,dd, ee, ff) 

Fromson Orban Co., Inc., NY (ee) 

Gary Steel Products Corp., Va (0,z,cc) 

Hamilton Watch Co., Precision Metals 
Div., Pa (v,cc,dd,ff) 

Hardy, Charles, Inc., NY (aa) 

Hayden Wire Works, Inc., Mass (o, 
z,bb,dd,ee, ff) 

Hexcel Products, Inc., Calif (v) 

Hoeganaes Sponge Iron Corp., NJ (aa) 

Industrial Stainless Steels, Inc., Mass 
(0,q,z,bb,cc,dd,ee, ff) 

Johnson, A. & Co., Inc., NY (ee) 

Jones & Laughlin Steel Corp., Pa (o, 
q,cc,dd) 

Jones & Laughlin Steel Corp., 
Stainiess Steel Div., Mich 
(0,q,w,bb,cc,dd,ff)—Ad p 73 

Joslyn Stainless Steels, Iii (0,q,w,bb, 
ff) 

Kaiser Steel Corp., Calif (0,q,w,z,bb, 
cc,dd) 

Kinkead Industries, Inc., lil (cc,dd) 

Koicast Industries Div., Thompson 
Products, Inc., Ohio (q,w) 

Krueger Fabricating Co., Inc., Wis (cc) 

Larson, Charlies E. & Sons Inc., Ill 
(o) 

Latrobe Steel Co., Pa (0,q,w) 

Lockport Mfg. Co., Ill (z) 


Lukens Steel Co., Pa 
(w,z)—Ad pp 66-67 

Lundquist Tool & Mfg. Co., Inc., Mass 
(bb,cc,dd,ee, ff) 

Makepeace, D.E. Div., Engelhard In- 
dustries Inc., Mass (o,dd,ee) 

McCarter Iron Works, Inc., Pa (0,2, 
bb, cc) 

McInnes Steel Co., Pa (0) 

Mechanical Steel Tubing Corp., NY 
(ee) 

Metallizing Co. of Los Angeles, Inc., 
Calif (ff) 

Michigan Seamless Tube Co., Mich (ee) 

Midvale-Heppenstali Co., Pa (w) 

Morrisville Foundry Co., Inc., Vt (bb) 

Murray, A.B. Co., Inc., NJ (ee) 

National Electric Products Corp., Pa 
(ee) 

National Supply Co., Industrial Prod- 
ducts Div., Calif (0,q,w) 

National Tube Div., U.S. Steel Corp., 
Pa (ee) 

National-Standard Co., Mich (dd,ff) 

New Jersey Metals Co., NJ (w) 

Norrich Plastics Corp., Screw Ma- 
chine Products Div., NY (o,bb,ee) 

Page Steel & Wire Div., American 
Chain & Cable Co., Inc., Pa (ff) 

Parker Metal Goods Co., Mass (ff) 

Pencoyd Steel & Forge Corp., Pa (o, 
q,w) 

Penn Precision Products, Inc., Pa (v, 
dd) 





Precision Tube Co., Inc., Pa (ee) 
Rathbone Corp., Mass (o0,bb) 


Republic Steel Corp., Ohio 
(0,q,w,z,bb,cc,dd,ee,ff)—Ad pp 78-9 

Reynolds Aluminum Supply Co., Ga (o, 
z,bb,cc,ee) 

Riverside-Alloy Metal Div., H.K. Por- 
ter Co., Inc., NJ (bb,dd, ff) 

Rodney Metals, Inc., NY (v,dd) 

Rolled Alloys, Inc., Mich (0,q,z,bb, 
cc,dd,ee, ff) 

Rolock, Inc., Conn (ff) 

Ross-Meehan Foundries, Tenn (0) 

Ryerson, Joseph T. & Son, Inc., Iil 


(0,q,2,bb,cc,dd,ee, ff) 
Sandusky Foundry & Machine 
Co., Ohio 
(ee) 
Sandvik Steel, Inc., NJ 
(dd,ee, ff) 
Service Steel Div., Van Pelt Corp., 


Mich (ee) 

Sharon Steel Corp., Pa (q,w,z,cc,dd) 

Sharpsville Steel Fabricators, Inc., 
Pa (0,z,bb,dd) 

Simonds Saw & Steel Co., Mass (o, 
cc) 

Smith-Moon Steel Co., Kan (0,z,cc,dd) 


Somers Brass Co., Inc., Conn 
(v,dd)—Ad pp 136, 139 

Standard Steel Works Div., Baldwin- 
Lima-Hamilton Corp., Pa (q,w) 

Star Heel Plate Co., Inc., NJ (z,ff) 

Sun Steel Co., Ill (cc,dd) 


Superior Drawn Steel Co., Pa (o, 
bb, ff) 
Superior Stee! Corp., Pa (dd) 


Superior Steel Div., Copperweid Steel 
Co., Pa (dd) 
Superior Tube Co., Pa (ee) 


Sylvania Electric Products, 
inc., Parts Div., Pa 
(ff)—Ad p 349 


Techalloy Co., Inc., Pa (v,bb,dd,ff) 
Timken Roller Bearing Co., Steel & 
Tube Div., Ohio (0,q,ee) 
Trent Tube Co., Sub. of Crucible 
Steel Co. of America, Pa (ee) 
Tube Distributors Co., Inc., NY (ee) 
Tube Reducing Corp., NJ (ee) 
Ulbrich Stainless Steels Corp., 
(dd) 

Union Steel Corp., NJ (dd,ee) 

United Screw & Bolt Corp., Iil (bb, 
cc,dd, ff) 

U.S. Challenge & Challenge Co., Ill 
(bb) 

U.S. Gasket & Shim Co., Ohio (cc,dd) 


U.S. Steel Corp., Pa 
(0,q,w,2z,bb,cc,dd,ff)—Ad p 77 

Universal-Cyclops Steel Corp., Pa (o, 
q,2,bb,cc, dd, ff) 
Uniworld Research Corp. of America, 
Ohio (0,q,v,w,z,aa,bb,cc,dd,ee, ff) 
Vanadium-Alloys Steel Co., Pa (0,q,w, 
z,aa,bb,cc, ff) 

Vulcan Rail & Construction Co., NY 
(o,dd,ee) 

Vulcan-Kidd Steel Div., H.K. Porter 
Co., Inc., Pa (0,q,2,bb, ff) 


Waimet Alloys Co., Mich 
—Ad p 72 

Wall Tube & Metal 
Tenn (ee) 


Wallingford Steel Co., Conn 
(v,dd)—Ad p 352 


Washington Steel Corp., Pa (cc,dd) 

Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa (0,q,w,z,bb,cc,dd, 
ee) 

Whitehead Metal Products Co., Inc., 
NY (z,bb,cc,dd) 

Wickwire Spencer Steel Div., Colorado 
Fuel & Iron Corp., NY (z) 

Worcester Wire Works Div., National- 
Standard Co, Mass (ff) 


Conn 


Products Co., 





Letters in ( ) indicate materials and forms——turn page for key 
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Steel, Heat and 
Corrosion Resist- 


ant—Castings 

Acco Steel Casting Div., American 
Chain & Cable Co., Inc., Pa 

Adirondack Foundries & Steel, Inc., 
NY 

Aeico Foundries, Inc., Wis 


Allegheny Ludium Steel 
Corp., Pa 

All-Metals Precision Casting Corp. 
NY 


Alloy Precision Castings Co., Ohio 

Alloy Steel Casting Co., Pa 

American Brake Shoe Co., NY 

American Cast Iron Pipe Co., 
Ala 

American Steel Foundries, Ill 

Apex Steel Corp., Ltd., Calif 

Arwood Precision Castings Corp., NY 

Babcock & Wilcox Co., Pa 

Beaver Valley Alloy Foundry Co., Pa 

Blaw-Knox Co., Pa 

Bone Engineering Corp., Calif 

Bonney-Floyd Co., Ohio 

Brinkerhoff Brass & Bronze 
Inc., NY 

Calorizing Co., Pa 

Campbell, Wyant & Cannon Foundry 
Co., Div. of Textron, Inc., Mich 

Carondelet Foundry Co., Mo 

Commercial Steel Casting Co., Ohio 

Copper Alloy Corp., NJ 

Crucible Steel Co. of America, Pa 

Crucible Steel Casting Co., Pa 

Curtiss-Wright Corp., Metals 
Processing Div., NY 

Donegal Steel Foundry Co., Pa 

Driver, Wilbur B. Co., NJ 

Duraloy Co., Pa 

Duriron Co., Inc., Ohio 

Electric Steel Foundry Co., Ore 

Electro-Alloys Div., American Brake 
Shoe Co., Ohio 

Empire Steel Castings, Inc., Pa 

Fahralloy Co., Ill 

Fort Pitt Steel Casting Div., Pitts- 
burgh Steel Foundry Corp., Pa 
Frasse, Peter A. & Co., Inc., NY 

General Alloys Co., Mass 

General Electric Co., Foundry Dept., 
NY 

Grede Foundries, Inc., Wis 

Hanford Foundry Co., Calif 

Hartford Electric Steel Corp., Conn 
Hica, Ine., La 

Hitchiner Mfg. Co., Inc., NH 
Howard Foundry Co., Ill 

Humphrey Castings, Inc., Calif 
Illinois Precise Casting Co., Ill 
Industrial Stainless Steels, Inc 
Mass 

Ingersoll-Rand Co., NJ 

Janney Cylinder Co., Pa 

Johnson, A. & Co., Inc., NY 

Jones & Laughlin Steel Corp., Strip 
Steel Div., Ohio (dd) 

Kay-Brunner Stee! Products, Inc., Calif 

Kolcast Industries Div., Thompson 
Products, Inc., Ohio 

LFM Mfg. Co., Inc., Sub. of Rock- 
well Mfg. Co., Kan 

Lebanon Steel Foundry, Pa 

Los Angeles Steel Casting Co., Calif 

Manco Products, Inc., Mich 
Massillon Steel Casting Co., Ohio 
Michigan Steel Casting Co., Div. of 
Consolidated Foundries & Mfg. 
Corp., Mich 

Midwest Precision Castings Co., Ohio 

Misco Precision Casting Co., Mich 

National Malleable & Steel Castings 
Co., Ohio 

National Precision Casting Corp., Div. 
of Beryllium Corp., Pa 

National Supply Co., Pa 

National Supply Co., Industrial Prod- 
ucts Div., Calif 

Ohio Steel Foundry Co., Ohio 

Oklahoma Steel Castings Div., Ameri- 
can Steel & Pump Corp., Okla. 

Perfecto Cast, Calif 

Picco, Inc., Calif 


Works, 

























































































Pittsburgh Steel Foundry Corp., Pa 
Precision Founders, Inc., Calif 
Quaker Alloy Casting Co., Pa 
Ross-Meehan Foundries, Tenn 
Sandusky Foundry & Machine 
Co., Ohio 

Sharpsville Steel Fabricators, Inc., Pa 
Sivyer Steel Casting Co., Wis 
Skookum Co., Inc., Ore 

Stainless Foundry & Engineering, Inc., 
Wis 

Standard Steel Works Div., Baldwin- 
Lima-Hamilton Corp., Pa 

Stanwood Corp., Ill 

Star Heel Plate Co., Inc., NJ 

Superior Foundry, Inc., Ohio 

Symington-Gould Corp., NY 

Texas Foundries, Inc., Tex 

Thompson Products, Inc., Valve Div., 
Ohio 

Union Iron Works, Wash 

U.S. Pipe & Foundry Co., Ala 
Uniworld Research Corp. of America, 
Ohio 

Utility Steel Foundry, Calif 

Vollrath Co., Contract Div., Wis 

Wall Colmonoy Corp., Stain- 
less Process Div., Mich 

West Steel Casting Co., Ohio 

Westinghouse Electric Corp., Materials 
Mfg. Dept., Pa 

Wisconsin Centrifugal 

Wis 


Foundry, Inc., 


Steel, Low Alloy 


Acme Tube, Inc., NJ (ee) 

Acme-Newport Steel Co., Ky (z,cc,ee) 

Advance Screw Products Co., Inc., 
Wis 

Advance Stamping Co., Mich (dd) 

Alan Wood Steel Co., Pa (0,q,w,z, 
cc,dd) 

Alco Products, Inc., NY (q,aa) 

Alloy Metal Products, Inc., Iowa (o, 


q,w) 

Alofs Mfg. Co., Mich (cc,dd,ff) 

Amalgamated Steel Corp., Ohio (o, 
bb) 

American Cast Iron Pipe Co., Ala (ee) 

American Steel & Wire Div., U.S. 
Steel Corp., Ohio 

Anchor Drawn Steel Co., Div. of 
+ aaa acta Steel Co., Pa (bb, 

Arcos Corp., Pa (ff) 

Aristoloy Steel Div., Copperweld Steel 
Co., Ohio (0,q) 

Armco Steel Corp., Ohio (z,cc,dd) 

Armco Steel Corp., Sheffield Div., Mo 
(0,q,w,z,bb,cc, ff) 

Arrow Metal Products Corp., NJ (cc) 

Atlantic Steel Co., Ga (0) 

Austenal, Inc., NY (w) 

Babcock & Wilcox Co., Tubular Prod- 
ucts Div., Pa (ee) 

— Steel Co., Pa (0,q,z,bb,cc, 

Biddle Screw Products Co., Ind (bb) 

Bliss & Laughlin, Inc., Ill (0) 

Budek & Bock Spring Mfg. Co., Ill 
(dd, ff) 

Burkhardt Steel Co., Colo (o,z,cc,dd) 

Byers, A.M. Co., Pa (0,q,w,z) 

— Metal Enameling Co., Calif 
cc 

Cannon-Muskegon Corp., Mich (w) 

Carpenter Steel Co., Pa (0,q,w,bb,dd, 


ff) 

Castle, A.M. & Co., Ill (0,q) 
Colonial Steel Div., Vanadium-Alloys 
Steel Co., Pa (0,q,w,z,bb,cc, ff) 
Connors Steel Div., H.K. Porter Co., 

Inc., Ala (0,q) 

Crucible Steel Co. of America, Ti- 
tanium & Vacuum Metals Product 
Div., Pa (0,q,w,bb,cc,dd) 

Curtiss-Wright Corp., Metals 
Processing Div., NY 
(ee, ff) 

Dixon Sintaloy, Inc., Conn (0) 

Eastern Rolling Mills, Inc., NY (cc,dd) 

Empire-Reeves Steel Div., Universal- 
Cyclops Steel Corp., Pa (z,cc) 





Enterprise Wheel & Car 


(z,cc) 

Frasse, Peter A. & Co., Inc., 
NY 
(0,z,bb,cc,dd,ee, ff) 

Globe Steel Abrasive Co., Ohio (aa) 
Great Lakes Steel Corp., Div. of Na- 
tional Steel Corp., Mich (z,cc,dd) 

Hardy, Charlies, Inc., N (aa) 

Hayden Wire Works, Inc., Mass (0,bb, 
ff) 

Higbie Mfg. Co., Mich (ee) 

Hoeganaes Sponge Iron Corp., NJ (aa) 

Inland Steel Co., Ill (0,z,cc,dd) 

Jones & Laughlin Steel Corp., Pa (o, 
q,z,cc,dd,ee, ff) 

Jones & Laughlin Steel Corp., Strip 
Steel Div., Ohio (dd) 

Kaiser Steel Corp., Calif (0,q,w,z,bb, 
cc,dd) 

Keystone Drawn Steel Co., Pa (q) 

Kinkead Industries, Inc., Ill (cc,dd) 

Larson, Charles E. & Sons Inc., Ill 
(o) 

La Salle Steel Co., Ill (o) 

Levinson Steel Co., Pa (cc) 

Lincoln Steel Corp., Neb (cc) 


Lukens Steel Co., Pa 
(w,z—Ad pp 66-7 

Lundquist Tool & Mfg. Co., Inc., 
Mass (cc,dd) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (0,dd,ee) 
McInnes Steel Co., Pa (0) 

Mechanical Steel Tubing Corp., NY 
(ee) 

Metallizing Co. of Los Angeles, Inc., 
Calif (ff) 

Michigan Seamless Tube Co., Mich 
(ee) 

Midvale-Heppenstall Co., Pa (w) 

Murray, A.B. Co., Inc., NJ (ee) 

National Tube Div., U.S. Steel Corp., 
Pa (ee) 

National-Standard Co., Mich (dd,ff) 

National-U.S. Radiator Corp., Plastic 
Metals Div., Pa (aa) 

Norrich Plastics Corp., Screw Machine 
Products Div., NY (o,bb) 

Northwestern Steel & Wire Co., Ill 
(0,q,w,z,bb, ff) 

Page Steel & Wire Div., American 
Chain & Cable Co., Inc., Pa (ff) 

Parker Metal Goods Co., Mass (ff) 

Pencoyd Steel & Forge Corp., Pa 
(0,q,w) 

Peninsular Steel Co., Mich (0,q,z) 

Pittsburgh Forgings Co., Mich (0,q) 

Rathbone Corp., Mass (0,bb) 

Reliance Div., Eaton Mfg. Co., Ohio 
(o, ff) 

Republic Steel Corp., Ohio 
(0,q,w,z,bb,cc,dd,ee,ff)—Ad pp 78-9 

Revere Copper & Brass, Inc., NY (ee) 

Rodney Metals, Inc., NY (v,dd) 

Ross-Meehan Foundries, Tenn (0) 

Ryerson, Joseph T. & Son, luc., Ill 
(0,q,2z,bb,cc,dd,ee, ff) 

St. Louis Steel Casting, Inc., Mo (n) 

Sandusky Foundry & Machine 
Co., Ohio 
(ee) 


Sandvik Steel, Inc., NJ 
(dd)—Ad p 68 

Sawhill Tubular Products, Inc., Pa 
(ee) 

Scudder, E.J. Foundry & Machine 
Co., NJ (bb,ee) 

Service Steel Div., Van Pelt Corp., 
Mich (ee) 

= Steel Corp., Pa (q,w,z,cc,dd, 
ee 

Sharpsville Steel Fabricators, Inc., Pa 
(0,z,bb,cc) 

Simonds Saw & Steel Co., Mass (o, 
cc) 

— Steel Co., Inc., Kan (0, 
z,c¢ 

Standard Stee! Works Div., Baldwin- 
Lima-Hamilton Corp., Pa (q,w) 

Star Heel Plate Co., Inc., NJ (ee,ff) 

Sun Steel Co., Ill (0,q,2z,bb,cc,dd) 

Superior Drawn Steel Co., Pa (o, 
bb, ff) 


Corp., Va 


| 








Superior Tube Co., Pa (ee) 

Thomas Strip Div., Pittsburgh 
Steel Co., Pa 
(dd)—Ad pp 74-5 

Thompson Wire Co., Mass (dd) 

Timken Roller Bearing Co., Steel & 
Tube Div., Ohio (0,q,ee) 

Tube Distributors Co., Inc., NY (ee) 

Tube Reducing Corp., NJ (ee) 

Union Iron Works, Wash (cc) 

Union Steel Corp., NJ (dd) 

United Screw & Bolt Corp., Ill (bb, 
cc, dd, ff) 

U.S. Steel Corp., Pa 
(0,q,w,z,bb,cc,dd,ee)—Ad p 77 

Vanadium-Alloys Steel Co., Pa (0,q,w, 
z,aa,bb,cc, ff) 

Washburn Wire Co., Phillipsdale Div., 
RI (q,bb,dd) 


Weirton Steel Co., Div. of 
National Steel Corp., W.Va 
(z,cc,dd) 

Western Automatic Machine Screw 
Co., Div. of Standard Screw Co., 
Ohio (o) 

Wheelock, Lovejoy & Co., Inc., Mass 
(0,q,bb) 

Wickwire Spencer Steel Div., Colorado 
Fuel & Iron Corp., NY (w,z) 

Wilder Mfg. Co., Inc., Calif (0,z,cc) 

Wyckoff Steel Co., Pa (0,z) 

Youngstown Sheet and Tube Co., Ohio 
(0,z,cc,dd,ee) 


Steel, Low Alloy 
—Castings 


Acco Steel Casting Div., American 
Chain & Cable Co., Inc., Pa 

Adirondack Foundries & Steel, Inc., 
NY 

Allied Steel Castings Co., Ill 

All-Metals Precision Casting Corp., 
NY 

Alloy Cast Steel Co., Ohio 

Alloy Precision Castings Co., Ohio 

Alloy Steel & Metals Co., Calif 

American Cast Iron Pipe Co., Ala 

American Manganese Steel Div., Amer- 
ican Brake Shoe Co., Ill 

American Steel Foundries, Ill 

Arwood Precision Castings Corp., NY 

Atlantic Foundry Co., Ohio 

Atlantic Steel Castings Co., Pa 

Austenal, Inc., NY 

Auto Specialties Mfg. Co., Mich 

Beaver Valley Alloy Foundry Co., Pa 

Bethlehem Steel Co., Pa 

Birdsboro Steel Foundry & Machine 
Co., Pa 

Blaw-Knox Co., Pa 

Bone Engineering Corp., Calif 

Campbell, Wyant & Cannon Foundry 
Co., Div. of Textron, Inc., Mich 

Carondelet Foundry Co., Mo 

Commercial Steel Casting Co., Ohio 

Crucible Steel Co. of America, Pa 

Crucible Steel Casting Co., Pa 

Dayton Steel Foundry Co., Ohio 

Electric Steel Castings Co., Ind 

Electric Steel Foundry Co., Ore 

Electrocast Steel Foundry Co., Ill 

Empire Foundry Co., Inc., Calif 

Empire Steel Castings, Inc., Pa 

Federal Steel Products Corp., Tex 

General Electric Co., Foundry Dept., 
NY 

Glover Machine Works, Ga 

Grafton Foundry Co., Wis 

Grede Foundries, Inc., Wis 

Gunite Foundries Corp., Ill 

Hartford Electric Stee! Corp., Conn 

Hica, Inc., La 

Hitchiner Mfg. Co., Inc., NH 

Howard Foundry Co., Ill 

Hughes Tool Co., Tex 

Humphrey Castings, Inc., Calif 

Illinois Precise Casting Co., III 

Jones & Laughlin Steel Corp., Pa 

Kay-Brunner Steel Products, Inc., Calif 

Kolcast Industries Div., Thompson 
Products, Inc., Ohio 
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Lebanon Steel Foundry, Pa 

Lectromelt Casting Div., Akron Stand- 
ard Mold Co., Ohio 

Los Angeles Steel Casting Co., Calif 

Mackintosh-Hemphill Div., E.W. Bliss 
Co., Pa 

Massillon Steel Casting Co., Ohio 

Mercast Mfg. Corp., Calif 

Midwest Precision Castings Co., Ohio 

Minneapolis Electric Steel Casting Co., 
Minn 

Misco Precision Casting Co., Mich 

Missouri Steel Castings Co., Mo 

Monroe Steel Castings Co., Mich 

National Iron Co., Minn 

National Malleable & Steel Castings 
Co., Ohio 

National Precision Casting Corp., Div. 
of Beryllium Corp., Pa 

National Supply Co., Pa 

National Supply Co., Industrial Prod- 
ucts Div., Calif 

Oklahoma Steel Castings Div., Ameri- 
can Steel & Pump Corp., Okla 

Olympic Steel Works, Wash 

Omaha Steel Works, Neb 

Pelton Steel Casting Co., Wis 

Perfecto Cast, Calif 

Picco, Inc., Calif 

Pittsburgh Steel Foundry Corp., Pa 

Posey Iron Works Inc., Pa 

Pratt & Letchworth Div., Dayton Mal- 
leable Iron Co., Inc., NY 

Precision Founders, Inc., Calif 

Quaker Alloy Casting Co.. Pa 

Quality Electric Steel Castings, Inc., 
Tex 3 

Racine Steel Castings Co., Belle City 

Malleable Div., Wis 

Reliance Steel Castings Co., Pa 

Ross-Meehan Foundries, Tenn 

St. Louis Steel Casting, Inc., Mo 


Sandusky Foundry & Machine 
Co., Ohio 
Sawbrook Steel Castings Co., Ohio 
Scudder, E.J. Foundry & Machine Co., 
NJ 
Sharpsville Steel Fabricators, Inc., Pa 
Sivyer Steel Casting Co., Wis 
Standard Steel Works Div., Baldwin- 
Lima-Hamilton Corp., Pa 
Star Heel Plate Co., Inc., NJ 
Strong Steel Foundry Co., NY 
Superior Foundry, Inc., Ohio 
Swedish Crucible Steel Co., Mich 
Texas Foundries, Inc., Tex 
Texas Steel Co., Tex 
Union Iron Works, Wash 
Union Spring & Mfg. Co., Pa 
Unitcast Corp., Ohio 
—Ad p 330 
United Shoe Machinery Corp., Mass 
U.S. Pipe & Foundry Co., Ala 
Utility Steel Foundry, Calif 
Valley Steel Casting Co., Mich 
Vulcan Iron Works, Pa 
Washington Iron Works, Wash 
West Steel Casting Co., Ohio 
Westlectric Castings, Inc., Calif 
Worthington Corp., NJ 


Steel, Specialty 


(electrical, magnet, nitriding, etc.) 
Acme-Newport Steel Co., Ky (cc) 
Allegheny Ludium Steel 

Corp., Pa 

(0,q,2,bb, ff) 

Alloy Metal Powders, Inc., NY (aa) 
Amalgamated Steel Corp., Ohio (o,bb) 
American Silver Co., Inc., NY (v,bb) 
American Steel & Wire Div., U.S. 

Steel Corp., Ohio (ff) 

Armco Steel Corp., Ohio (0,q,v,z,bb,cc, 
dd,ee, ff) 

Arnold Engineering Co., Ill (dd) 

Atlantic Steel Co., Ga (o) 

Austenal, Inc., NY (w) 

Cannon-Muskegon Corp., Mich (w) 

Carpenter Steel Co., Pa (0,q,w,bb,dd) 

Chicago Development Corp., Md (aa) 

Colonial Steel Div., Vanadium-Alloys 
Steel Co., Pa (0,q,w,z,bb,cc,ff) 











































Crucible Steel Co. of America, Pa (o, 
q,W,z,bb,cc) 

Crucible Steel Co. of America, Ti- 
tanium & Vacuum Metal Products 
Div., Pa (0,q,z,bb,cc,dd, ff) 

Edgcomb Steel & Aluminum 
Corp., NJ 
(o,cc,dd)—Ad p 70 

Hamilton Watch Co., Precision Metals 
Div., Pa (v,cc,dd, ff) 

Hoeganaes Sponge Iron Corp., NJ (aa) 

Inland Steel Co., Ill (cc) 

Johnston & Funk Titanium Corp., 
Ohio (w,bb, ff) 

Jones & Laughlin Steel Corp., Pa (o, 
z,cc) 

Larson Tool & Stamping Co., Mass (o) 

La Salle Steel Co., Mo (bb) 

Latrobe Stee! Co., Mo (0,q,w) 

Lukens Steel Co., Pa 
(w,z—Ad pp 66-67 

Mallory-Sharon Metals Corp., 
Ohio 
(cc) 

Manganese Steel Forge Co., Pa (o,z, 
bb,cc,dd, ff) 

McInnes Steel Co., Pa (o) 

Midvale-Heppenstall Co., Pa (q,w) 

National Supply Co., Pa (0,q) 

National Supply Co., Industrial Prod- 
ucts, Div., Calif (0,q,w) 

= Precision Products, Inc., Pa (v, 

Republic Steel Corp., Ohio 
(0,q,w,z,bb,cc,dd,ee) 

— Joseph T. & Son, Inc., Ill 
i) 

Sandvik Steel, iInc., NJ 
(o,bb,dd)—Ad p 68 

= Saw and Steel Co., Mass (cc, 

Stulz-Sickles Co., NJ (0,q,z,bb) 

Superior Steel Corp., Pa (dd) 

Sylvania Electric Products 
Inc., Parts Div., Pa 
(ff)—Ad p 349 

Timken Roller Bearing Co., Steel & 
Tube Div., Ohio (0,q,ee) 

U.S. Steel Corp., Pa 
(0,q,w,z,bb,cc,dd)—Ad p 77 

Universal-Cyclops Steel Corp., Pa (o, 
q,2,bb,cc,dd, ff) 

Utica Metals Div., Kelsey-Hayes Co., 
NY (0,q,w,z,bb,cc,dd, ff) 

Vanadium-Alloys Stee! Co., Pa (0,q,w, 
z,aa,bb,cc, ff) 

Westinghouse Electric Corp., Materials 
~y Dept., Pa (0,q,v,w,z,bb,cc,dd, 
ee 


Steel, Specialty 
— Castings 


Acco Steel Casting Div., American 
Chain & Cable Co., Inc., Pa 

Allegheny Ludium 
Corp., Pa 

All-Metals Precision Casting Corp., NY 

Alloy Precision Castings Co., Ohio 


Steel 





Suppliers of Materials 


American Steel Foundries, Iil 

Arwood Precision Castings Corp., NY 

Austenal, Inc., NY 

Beaver Valley Alloy Foundry Co., Pa 

Bethlehem Steel Co., Pa 

Blaw-Knox Co., Pa 

Bone Engineering Corp., Calif 

Campbell, Wyant & Cannon Foundry 
Co., Div. of Textron, Inc., Mich 

Carondelet Foundry Co., Mo 

Crobalt, Inc., Mich 

Crucible Steel Co. of America, Pa 

Crucible Steel Casting Co., Pa 


Curtiss-Wright Corp., Metais 
Processing Div., NY 


Electric Steel Foundry Co., Ore 

General Electric Co., Foundry Dept., 
NY 

Grede Foundries, Inc., Wis 

Hica, Inc., La 

Howard Foundry Co., Ill 

Humphrey Castings, Inc., 

Janney Cylinder Co., Pa 

Johnston & Funk Titanium Corp., Ohio 


Calif 


Kay-Brunner Steel Products, Inc., 
Calif 
Kolcast Industries, Div., Thompson 


Products, Inc., Ohio 

Lebanon Steel Foundry, Pa 

Los Angeles Steel Casting Co., Calif 
Manco Products, Inc., Mich 
Mercast Mfg. Corp., Calif 

Midwest Precision Castings Co., Ohio 
Misco Precision Casting Co., Mich 
Missouri Steel Castings Co., Mo 

National Precision Casting Corp., Div. 
of Beryllium Corp., Pa 

National Supply Co., Pa 

National Supply Co., Industrial Prod- 
ucts Div., Calif 

Overmyer Mould Co., Inc., Ind 
Perfecto Cast, Calif 

Picco, Inc., Calif 

Precision Founders, Inc., Calif 

Quaker Alloy Casting Co., Pa 

Quality Electric Steel Castings, Inc., 
Tex 

Standard Steel Works Div., Baldwin- 
Lima-Hamilton Corp., Pa 

Star Heel Plate Co., Inc., NJ 

Stulz-Sickles Co., NJ 

Swedish Crucible Steel Co., Mich 

Texas Foundries, Inc., Tex 

United Shoe Machinery Corp., Mass 

U.S. Pipe & Foundry Co., Ala 

Utility Steel Foundry, Calif 

Vanadium-Alloys Steel Co., Pa 

Wall Colmonoy Corp., Stain- 
less Process Div., Mich 

West Steel Casting Co., Ohio 

Westinghouse Electric Corp., Pa 

Wisconsin Centrifugal Foundry, Inc., 
Wis 


Steel, Tool and Die 


A & A Die Casting Co., Calif (0,z,bb, 
cc) 

Able Tool & Engineering Co., Ill (z) 

Advance Stamping Co., Mich (0,z,bb) 





Allegheny Ludium Steel 
Corp., Pa 
(0,q,z,bb,ff)—Ad p 80 

Alofs Mfg. Co., Mich (0,z,bb) 

Amalgamated Steel Corp., Ohio (o0,bb) 

Anchor Drawn Steel Co., Div. of Vana- 
dium Alloys Steel Co., Pa (bb,ff) 

Austenal, Inc., NY (w) 

Bethlehem Steel Co., Pa (0,q) 

Biddle Screw Products Co., Ind (gg) 

Cannon-Muskegon Corp., Mich (w) 

Carpenter Steel Co., Pa (0,q,w,bb,cc, 
ff) 

Columbia Tool Steel Co., Ill (0,q,w,bb) 

Crucible Steel Co. of America, Ti- 
tanium & Vacuum Metal Products 
Div., Pa (0,q,w,z,bb,cc,dd, ff) 

Dahlin, C.A. Co., Ill (0,z,cc,dd) 

Delaware Tool Steel Corp., Del (o) 

Edgcomb Steel & Aluminum 
Corp., NJ 
(0,q,w,bb) 

Firth Sterling, Inc., Pa (0,q,bb,dd) 

Forg, Peter Mfg. Co., Mass (cc) 

Frasse, Peter A. & Co., Inc., NY (0) 

Hardy, Charles, Inc., NY (aa) 

Hayden Wire Works, Inc., Mass (0,z, 
bb) 

Heller Tool Co., Ohio (o) 

Inshield Die & Stamping Co., Ohio (0) 

Jones & Laughlin Steel Corp., Pa 
(0,z,bb) 

Kidd Drawn Steel Co., Pa (o,bb) 

Kinkead Industries, Inc., Ill (0,z,bb) 

Larson, Charles E. & Sons, Inc., Ill 
(o) 

Latrobe Steel Co., Pa (0,q,w) 

Lundquist Tool & Mfg. Co., Inc., 
Mass (0,z,bb) 

Midvale-Heppenstall Co., Pa (q,w) 

National Supply Co., Industrial Prod- 
ucts Div., Calif (0,q,w) 
Norrich Plastics Corp., Screw Ma- 
chine Products Div., NY (o,bb,ee) 
Norwalk Powdered Metals, Inc., Conn 
(aa) 

Ormond Mfg., Co., Inc., NJ (cc,dd, 
ff) 

Pencoyd Steel & Forge Corp., Pa (o, 
q,w) 

Peninsular Steel Co., Mich (0,q,z) 

Pittsburgh Tool Steel Wire Co., Pa 
(o,bb) 

Republic Steel Corp., Ohio 
(0,q) 


Ross-Meehan Foundries, Tenn (o) 
Ryerson, Joseph T. & Son, Inc., Ill 
(0,q,bb,cc) 
Sandvik Steel, Inc., NJ 
(o) 


Sharpsville Steel Fabricators, Inc., Pa 
(bb) 

Simonds Saw & Steel Co., Mass (co, 
cc) 

Superior Tube Co., Pa (ee) 

Timken Roller Bearing Co., Steel & 
Tube Div., Ohio (0,q) 

Tube Reducing Corp., NJ (ee) 

Universal-Cyclops Steel Corp., Pa (o, 
@,2,bb,cc, dd, ff) 





MATERIALS 


a—Aluminum and its alloys 
b—Copper and its alloys 


d—tLead and its alloys 
BASIC FORMS 





c—lIron and its alloys (except steel!) 


=——_— — oe ee ee ee ee ee 


KEY 


e—Magnesium and its alloys 
f—Nicke! and its alloys 
g—Steels 

h—Titanium and its alloys 


m—Anodes r—Custom formed parts v—Foil aa—Powder 
o—Bar (incl. specialties) w—Ingot bb—Rod 
polymers or gums s—Fibers x—Laminating, casting co—Sheet 
p—Base resins, t—Film resins dd—Strip 
u—Foams (component y—Molding compounds ee—Tubing 
q—Billets materials or products) z—Plate ff—wWire 


j—Zinc and its alloys 
k—Thermoplastics 
i—Thermosetting plastics 
m—Elastomers 
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Vanadium-Alloys Steel Co., Pa (o, 
q,W,z,aa,bb,cc, ff) 

Vulcan-Kidd Steel Div., H.K. Porter 
Co. Inc., Pa (0,q,w,bb,ff) 

Waimet Alloys Co., Mich 
—Ad p 72 

Wheelock, Lovejoy & Co., Inc., Mass 
(0,q,bb) 

Wilder Mfg. Co., Inc., Calif (o,bb) 

Ziv Steel & Wire Co., Ill (o,q) 


Steel, Tool and Die 


——Castings 
Allegheny Ludium Steel 
Corp., Pa 

All-Metals Precision Casting Corp., 


NY 
Alloy Precision Casting Co., Ohio 
American Foundry & Machine Div., 
Eimco Corp., Utah 
Apex Steel Corp., Ltd., Calif 
Arwood Precision Castings Corp., NY 
Atlantic Steel Castings Co., Pa 
Austenal, Inc., NY 
Beaver Valley Alloy Foundry Co., Pa 
Bone Engineering Corp., Calif 
Carondelet Foundry Co., Mo 
Crucible Steel Co. of America, Pa 
Crucible Steel Casting Co., Pa 
Curtiss-Wright Corp., Metals 
Processing Div., NY 


Empire Steel Castings, Inc., Pa 

General Electric Co., Foundry Dept., 
NY 

Hica, Inc., La 

Hitchiner Mfg. Co., Inc., NH 

Howard Foundry Co., Ill 

Illinois Precise Casting Co., Ill 

Kolcast Industries Div., Thompson 
Products Inc., Ohio 

Manco Products, Inc., Mich 

Midwest Precision Castings Co., Ohio 

Misco Precision Casting Co., Mich 

Missouri Steel Castings Co., Mo 

National Precision Casting Corp., Div. 
of Beryllium Corp., Pa 

National Supply Co., Industrial Prod- 
ucts Div., Calif 

Precision Founders, Inc., Calif 

Quaker Alloy Casting Co., Pa 

Ross-Meehan Foundries, Tenn 

Star Heel Plate Co., Inc., NJ 

Swedish Crucible Steel Co., Mich 

Vanadium-Alloys Steel Co., Pa 

Westinghouse Electric Corp., Pa 


Strip 


(see specific material) 


Strippable 


Coatings 
(see Organic Coatings) 


Styrene 


(see Polystyrene) 


Styrene-Butadiene 
Rubber 


Adhesive Products Corp., NY (x) 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(bb,cc,dd,ee) 

American Synthetic Rubber Corp., NY 
(p) 

Anderson Assoc., Inc., Ohio (y) 

Auburn Plastics, Inc., NY (bb,cc,dd) 

Auburn Rubber Co., Inc., Ind (cc) 

Automotive Rubber Co., Inc., Mich 
(cc,dd) 

Belko Corp., Md (y) 

Borden Co., Chemical Div., NY (p) 

Campco Div., Chicago Molded Products 
Corp., Ill (cc) 








Castle Rubber Co., Pa (y,bb,cc,dd,ee) 

Chicago-Allis Mfg. Corp., Allis Rub- 
ber Div., Ill (p) 

Continental Rubber Works, Pa (bb,cc, 
dd,ee) 

Copolymer Rubber and Chemical Corp., 
La (p) 

Dayton Rubber Co., Ohio (y,bb,cc,dd, 
ee) 

Dryden Rubber Div., 
Corp., Ill (y,ee) 

Electrofilm, Inc., Calif (t) 

Faultless Rubber Co., Ohio (u,y,bb,ee) 

Firestone Tire & Rubber Co., Ohio (p) 

Garlock Packing Co., NY 
(y,bb,cc,dd,ee) 

Geauga Industries Co., Ohio (y,bb,dd) 

General Tire & Rubber Co., Chemical 
Div., Ohio (p) 

Goodrich-Gulf Chemicals, Inc., Ohio (p) 

Goodyear Tire & Rubber Co., Chemical 
Div., Ohio (p) 

Goshen Rubber Co., Inc., Ind 
(y) 

Heresite & Chemical Co., Wis (p) 

Hewitt-Robins, Inc., Conn (cc,ee) 

Home Rubber Co., NJ (y,bb,cc,dd) 

Koppers Co., Inc., Pa (p) 

Lus-Trus Corp., Mich (cc) 

Maloney, F.H. Co., Tex (y) 


Marbon Chemical Div., Borg- 
Warner Corp., ind 
(p,u,x,yX—Ad pp 210-11 

Martin Rubber Co., Inc., NJ (y,dd,ee) 

Mid-States Rubber Products, Inc., Ind 
(y) 

Naugatuck Chemical Div., U.S. Rub- 
ber Co., Conn (p,u,x,y) 

Parker Seal Div., Parker-Hannifin 
Corp., Ohio (u) 

Parker, Stearns & Co., Inc., NY (cc, 
dd) 

Phillips Chemical Co., Plas- 
tics Sales Div., Okla 
(p) 

Republic Rubber Div., Lee Rubber & 
Tire Corp., Ohio (p,y,cc,dd,ee) 

Roth Rubber Co., Ill (y,cc) 

Rubatex Div., Great American In- 
dustries Inc., Va (u) 

Shell Chemical Corp., NY (p) 

Sheller Mfg. Corp., Mich (u) 

Southern Plastics Co., SC (bb,cc,dd, 
ee) 

Stockwell Rubber Co., Inc., Pa (y, 
bb,cc,dd) 

Technical Specialties Co., NY (dd) 

Texas-U.S. Chemical Co., NY 
(p)\—Ad pp 218-19 

Toyad Corp., Pa (u) 

United Rubber & Chemical Co., W.Va 
(p) 

U.S. Rubber Co., NY (p) 

U.S. Rubber Co., 
Dept., Conn 
(ud—Ad p 216 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (p,y,cc) 

Vulcanized Rubber & Plastics Co., 
Pa (y) 

Western Felt Co., Ill (y,cc,dd,ee) 

Westlake Plastics Co., Pa (t,bb,cc, 
dd) 

Williams-Bowman Rubber Co., Ill (y, 
bb,cc) 


Sheller Mfg. 


Superalloys 
(see Nickel; Cobalt; Chromium) 


Synthetic Fibers 


(see specific polymer) 


Tantalum and Its 
Alloys 


Alpha Metals, Inc., NJ (v,cc,dd) 
American Silver Co., NY (v,dd) 
Belmont Smelting & Refining 
oan Inc., NY 
aa 





Bishop, J. & Co. Platinum 
Works, Stainless Steel 
Products Div., Pa 

(ee) 


Columbia-National Corp., Mass (w) 

Electro Metallurgical Co., 
Div. of Union Carbide Corp., 
NY 
(w) 

Fansteel Metallurgical Corp., 
TT 
(n,0,4,V,W,2,aa,bb,cc,dd,ee,ff)—Ad pp 
138-39 

Foote Mineral Co., Pa (aa) 

General Plate Div., Metals & Con- 
trols Corp., Mass (v,dd) 

Hamilton Watch Co., Precision Metals 
Div., Pa (v,dd) 

Hardy, Charles, Inc., NY (aa) 

Haynes Stellite Co., Div. of Union 
Carbide Corp., Ind (bb,cc,dd) 

Johnston & Funk Titanium Corp., Ohio 
(bb, ff) 

Kawecki Chemical Co., NY (n,0,q,v, 
w,z,aa,bb,cc,dd,ee, ff) 

Kennametal, iInc., Pa 
(o,v,aa,dd,ff)—Ad p 255 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (dd) 

Mallory, P.R. & Co., Inc., Ind (bb, 
dd) 

Mallory-Schwarzkopf Metals, Inc., NY 
(0,v,w,z,bb,cc,dd,ee, ff) 

Metal Hydrides, Inc., Mass (aa) 

Metals & Controls Corp., Mass (v,dd, 
ff) 

National Research Corp., Mass (v, 
w,aa,bb,cc,ee, ff) 

Oregon Metallurgical Corp., Ore (w) 

Shieldalloy Corp., NJ (aa) 

Wah Chang Corp., NY (v,aa,bb,dd,ff) 

Westinghouse Electric Corp., Ma- 
terials Mfg. Dept., Pa (0,q,v,w,z,bb, 
cc,dd,ee) 


Tapes, Adhesive 


American Tape Co., Mich 

Angier Adhesives Div., Interchemical 
Corp., Mass 

Beck, I. & Sons, Inc., NY 

Coating Products, Inc., NJ 
—Ad p 291 


Connecticut Hard Rubber Co., 
Conn 


Cycleweld Div., Chrysler Corp., Mich 


Dutch Brand Div., Johns-Manville 
Corp., Ill 

Electro Technical Div., Sun Chemical 
Corp., NJ 


Enfio Corp., NJ 

Fasson Products, Ohio 

Foss Mfg. Co., Plastics Div., Id 

Hampton Mfg. Co., NY 

Insulation Mfrs. Corp., Ill 
Interchemical Corp., NY 

Johns-Manville Corp., NY 

Kinkead Industries, Inc., Ill 

Lundquist Tool & Mfg. Co., Inc., 
Mass 

Magnesium Co. of America, Ind 

Mystik Adhesive Products, Inc., Ill 

Narmco Resins & Coatings Co., Calif 

Permacel-LePage’s, Inc., NJ 

Presstite-Keystone Engineer- 
ing Products Co., Mo 

Respro Div., General Tire & Rubber 
Co., RI 

Rubber & Plastics Compound Co., Inc., 
NY 

Shell Chemical Corp., NY 

Superior Plastics, Inc., Ill 

Technical Tape Corp., NY 


Tefion 


(see Fluorocarbons) 


Terne Plate 
(see Precoated Metals) 





Tetrafluoro- 
ethylene 


(see Fluorocarbon) 


Tin and Its Alloys 


Alpha Metals, Inc., NJ (n,0,q,v,w,aa, 
bb,cc,dd) 

American Metal Climax, Inc., 
NY 
(w,aa) 

American Smelting & Refining Co., NY 
(n,o,w) 

Anchor Metal Co., Inc., NY (w,aa) 

Belmont Smelting & Refining 
Works, Inc., NY 
(n,0,v,w,aa,cc, dd, ff) 

Caspers Tin Plate Co., Ill (cc,dd) 

Crown Metal Co., Wis (n,ee,ff) 

Division Lead Co., Ill (0,v,w,cc,dd,ee, 
ff) 

Dixon Sintaloy, Inc., Conn (0) 

Empire Metal Co., NY (n,0,q,w,bb, ff) 

Farrelloy Co., Pa (aa,ff) 

Glidden Co., Chemicals-Pig- 
ments-Metals Div., Md 
(aa)—Ad p 347 


Greenback Industries, Inc., Mich (aa) 

Hardy, Charles, Inc., NY (aa) 

Harshaw Chemical Co., Ohio (n) 

Hayden Wire Works, Inc., Mass (ff) 

Hi-Grade Alloy Corp., Ill (n,o,v,w,ee) 

Hodgson Foundry Co., Ill (n) 

Indium Corp. of America, NY 
(dd, ff) 

Johnston Foil Mfg. Co., Mo (v,cc) 

Korhumel Steel and Aluminum Co., II! 
(z,dd) 

McGean Chemical Co., Ohio (n,o,aa) 

Metal & Thermit Corp., NJ (n,w,aa) 

Metallizing Engineering Co., 
Inc., NY 
(ff) 

Metallizing Co. of Los Angeles, Inc., 
Calif (ff) 

Metals Disintegrating Co., Inc., NJ 
(aa) 

Modern Plating Corp., Ill (n) 

National Lead Co., NY (n,0,q,w,z,aa, 
bb,cc,dd,ee) 

Nesor Alloy Products Co., NJ (ff) 

Norwalk Powdered Metals, Inc., Conn 
(aa) 

Pittsburgh Smelting & Refining Co., 
Pa (o,w) 

Republic Metals Co., Inc., NY (n,o, 
v,w,cc,ee, ff) 

Revere Copper & Brass, Inc., Foil 
Div., NY (v) 

River Smelting & Refining Co., Ohio 
(o) 

Rotometals, Calif (o,v,w,aa) 

Sall, George Metals Co., Inc., Pa (w) 

Stevens, Frederic B., Inc., Mich (n) 

Udylite Corp., Mich (n) 


Tinplate 


(see Precoated Metals) 


Titanium and its 


Alloys 


Alpha Metals, Inc., NJ (v) 
American Silver Co., NY (v,dd) 
Babcock & Wilcox Co., Tubular 
Products Div., Pa (ee) 
Belmont Smelting & Refining 
Works, Inc., NY 
(aa)—Ad p 130 


Bridgeport Brass Co., Conn (0,bb,ee) 
Carpenter Steel Co., NJ (ee) 


Central Fabricators, Inc., Ohio (z,bb, 


cc,ee) 

Chicago Development Corp., Md (aa) 

Crucible Steel Co. of America, Pa (0, 
q,W,z,bb,cc,dd,ee, ff) 

Crucible Steel Co. of America, Ti- 
tanium & Vacuum Metal Products 
Div., Pa (0,q,v,z,bb,cc,dd,ee, ff) 
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Damascus Tube Co., Pa 
(ee)—Ad p 351 
Driver-Harris Co., NJ (v,dd) 
du Pont de Nemours, E.I. & Co., 
Inc., Del (w) 

Electric Steel Foundry Co., Ore (o, 
q,w,bb,ee) 

Electro Metallurgical Co., 
Div. of Union Carbide Corp., 
NY 
(aa)—Ad p 134 
Firth Sterling, Inc., Pa (0,q,w,bb,dd) 
Foote Mineral Co., Pa (0,bb) 
Hardy, Charles, Inc., NY (aa) 
Harvey Aluminum Div., Harvey Ma- 
chine Co., Inc., Calif (0,q,w,bb,ee) 
Hexcel Products, Inc., Calif (v) 
Johnston & Funk Titanium Corp., 
Ohio (bb, ff) 

King Laboratories, Inc., NY (w,aa) 
Makepeace, D.E. Diy., Engelhard In- 
dustries, Inc., Mass (0,dd) 

Mallory, P.R. & Co., Inc., Ind (o,z, 
bb,cc,dd,ee) 

Mallory-Sharon Metals Corp., 
Ohio 
(0,q,w,z,bb,cc,dd,ff)—Ad p 137 
Metal Forming Corp., Ind (ee) 
Meta! Hydrides, Inc., Mass (aa) 
Metal & Thermit Corp., NJ (w) 
Metals & Controls Corp., Mass (v, 
cc,dd) 

Metals Disintegrating Co., Inc., NJ 
(aa) 

Michigan Seamless Tube Co., Mich 
(ee) 

National Lead Co., NY (0,q/w,z,bb,cc, 
dd,ee, ff) 

National-Standard Co., Mich (ff) 
Niagara Falls Smelting & Refining 
Div., Continental Copper & Steel 
Industries, Inc., NY (v,w) 

Oregon Metallurgical Corp., Ore (o,q, 
w) 

Pioneer Aluminum, Inc., Calif (z) 
Republic Steel Corp., Ohio 
(o,w,z,cc,ee) 

Rigidized Metals Corp., NY (cc,dd) 
Rodney Metals, Inc., NY (v,dd) 
Superior Steel Corp., Pa (dd) 
Superior Tube Co., Pa (ee) 
Techalloy Co., Inc., Pa (dd,ff) 
Titanium Metals Corp. of America, NY 
(0,q,z,aa,bb,cc,dd) 

Trent Tube Co., Sub. of Crucible Steel 
Co. of America, Pa (ee) 

Tube Distributors Co., Inc., NY (ee) 
Tube Reducing Corp., NJ (ee) 
Ulimann, Inc., Wis (0,ee) 

United International Research, Inc., 


NY (aa) 
U.S. Industrial Chemicals Co., Div. of 
National Distillers & Chemical 


Corp., NY (w) 
Vanadium Corp. of America, NY (w) 
Worcester Wire Works Div., National- 
Standard Co., Mass (ff) 
Youngstown Welding & Engineering 
Co., Ohio (ee) 


Tool Steels 


(see Steel) 


Transfer Moldings 


(see Moldings) 


Trifluorochloro- 
ethylene 


(see Fluorocarbon) 


Tubing, Pipe 

Ace Plastic Co., NY (k,!) 

Acme Tube, Inc., NJ (a,b,c,g) 

Acme-Newport Steel Co., Ky (g) 

Albert Pipe Supply Co., Inc., NY 
(a,g) 


Albright Son & Co., Pa (g) 



























































































































Allegheny 

Corp., Pa 
(g) 

Allied Tube Corp., Pa (a,g) 


Aluminum Co. of America, Pa 
(a,e) 

Amco Plastic Pipe Co., Calif (k) 

American Agile Corp., Ohio (k) 

American Brass Co., Sub. of Ana- 
conda Co., NY (a,b,g) 


American Cast Iron Pipe Co., 
Ala 
(c,f,g)—Ad p 329 

American Manganese Steel Div., Amer- 
ican Brake Shoe Co., Ill (g) 

American Molding Co., Calif (k) 

American Nickel Alloy Mfg. Corp., 
NY (f) 

American Pipe & Construction Co., 
Ore (g) 

American Plastics Corp., NY (k) 

American Reed Co., Inc., Mass (a) 

American Sheet Metal Works, Inc., 
Conn (a,b,g) 

ie Smeiting & Refining Co., NY 
d) 

Ampco Metal, Inc., Wis (b) 


Anchor Plastics Corp., NY 
(kX—Ad p 340 

Anesite Co., Ill (k) 

Apex Reinforced Plastics Div., White 
Sewing Machine Corp., Ohio (i) 

Armco Steel Corp., Ohio (g) 

Arvin Industries, Inc., Ohio (a,g) 

Atlantic India Rubber Works, Inc., 
Ill (m) 

Atlantic Steel Co., Ga (a,g) 

Atlas Mineral Products Co., Pa (k) 

Auburn Plastic Engineering, Ili (k) 

Avon Tube Div., Higbie Mfg. Co., 
Mich (g) 

Babcock & Wilcox Co., Tubular Prod- 
ucts Div., Pa (c,g,h) 

Barium Steel Corp., NY (g) 

Bassons Industries Corp., NY (k) 

= Aluminum Products Co., Ohio 
a) 

Bethlehem Steel Co., Pa (c,g) 


Bishop, J. & Co. Platinum 
Works, Stainiess Steel 
Products Div., Pa 
(f,g)—Ad p 342 

Bohn Aluminum & Brass Corp., Mich 
(a) 

Borden Co., Chemical Div., NY (k) 

Brainard Steel Div., Sharon Steel 
Corp., Ohio (g) 

Bridgeport Brass Co., Conn (a,b,h) 

Brinkerhoff Brass & Bronze Works, 
Inc., NY (a,b,f,9) 

Broadway Mfg. Co., Wis (c,g) 

Bundy Tubing Co., Mich (f,g) 

Bunker Hill Co., Calif (d) 

Burkhardt Steel Co., Colo (g) 


Busada Mfg. Co., NY 
(c,g)—Ad p 356 


Byers, A.M. Co., Pa (k) 
ery Plastic & Chemical Co., Mich 
| 

Calfibe Co., Inc., Calif (k) 

Carlon Products Corp., Ohio (k) 

Carpenter Steel Co., Alloy Tube Div., 
NJ (g) 

Cartwright, R. Tube Products Co., 
Mich (a,b,e,f,9) 

Celluplastic Corp., NJ (k) 

Channel Master Corp., NY (a) 

Chase Brass & Copper Co., Conn (b) 

Chemical Products Corp., RI (k) 

Chicago Gasket Co., Ill (k) 

Clayton Mark & Co., Ill (g) 

Cleveland Steel Specialty Co., Inc., 
Ohio (g) 

Colonial Alloys Co., Pa (a) 

Colonial Art Co., Inc., Mass (k) 

Colonial Plastics Mfg Co., Ohio (k) 


Ludium Steel 





Suppliers of Materials 


Colorado Fuel and Iron Corp., Colo 
(g) 

Conneaut Rubber & Plastics Co., Ohio 
(k,m) 

Connecticut Hard Rubber Co., 
Conn 
(m) 

Continental Can Co., Inc., NY (k) 

Continental Copper & Steel Industries, 
Inc. (a,b,c,e,f,g,h) 

Continental Rubber Works, Pa (m) 

Continental-Diamond Fibre Corp., Del 
(I) 

Copper and Brass Sales, Inc., Mich 
(a,b,e) 

Cornell and Underhill, Inc., NJ (a,c,g) 

Corson Industries, Pa (a) 

Crane Co., Ill (k) 

Crescent Plastics, Inc., Ind (k) 

Crucible Steel Co. of America, Ti- 
tanium & Vacuum Metals Products 
Div., Pa (f,g,h) 

CrystalIX Corp., Pa (k) 

Curtiss-Wright Corp., Metals 
Processing Div., NY 
(g,h)N—Ad p 364 

Damascus Tube Co., Pa 
(f,g,h)—Ad p 351 

Daubert Chemical Co., Ill (m) 

Defiance Metal Products Co., Ohio (g) 

Detroit Float & Stamping Co., Mich 
(b) 

Division Lead Co., Ill (d) 

Dixie Aluminum Corp., Ga (a) 

Dixie Plastics Mfg. Co., La (k) 

Dixon Corp., RI (k) 

Dormont Mfg. Co., Pa (a,b,c,e) 

Dow Chemical Co., Magnesium Div., 
Mich (e) 

Drawn Metal Tube Co., Conn (b) 

Dryden Rubber Div., Sheller Mfg. Co., 
Ill (m) 

Easton Plastic Products Co., Inc., Pa 
(k) 

Eclipse Plastic Industries, Inc., Fla 
(k) 

Edgcomb Steel & Aluminum 
Corp., NJ 
(a) 

Electric Steel Foundry Co., Ore (g,h) 

Electronic Parts Mfg. Co., NJ (f) 

Eliwood City Iron & Wire Co., Pa 
(c) 

Emerson-Sack-Warner Corp., Mass (a, 
b,f,g) 

Empire Metal Co., NY (d) 

Evans Metal Co., Ga (d) 

Federal Machine and Welder Co., Ohio 
(g) 

Fibercast Corp., Okla (I) 

FitzSimons Mfg. Co., Mich (g) 

Flexaust Co., Div. of Callahan Zinc- 
Lead Co., Inc., NY (m) 

Flexonics Corp., Ill (g) 

Florence Pipe Foundry & Machine Co., 
NJ (c) 

Formed Tubes, Inc., Mich (g) 

Fox Products Co., Pa (a) 

Franklin Plastics, Inc., Pa (k) 

Frasse, Peter A. & Co., Inc., 
NY 
(a,g)—Ad p 365 

Fromson Orban Co., Inc., NY (a,b,f,g) 

— Packing Co., NY 
k) 

Gates Rubber Co., Colo (k) 

Geauga Industries Co., Ohio (m) 

— Extrusions, Inc., Ohio 


General Motors Corp., Rochester Prod- 
ucts Div., NY (g) 

General Plastics Corp., Ohio (k) 

Genesee Laboratories, Inc., NY (k) 

Gering Products, Inc., NJ (k) 

Glass Laboratories, NY (k) 

Goodrich, B.F., Industrial Products 
Co., Ohio (k) 

H & H Tube & Mfg. Co., Mich (a,b) 

H-P Products, Inc., Ohio (g) 





Hall Mfg. Co., NJ (k) 

Hartwell, H.N. & Son, Inc., Mass (k) 
Harvey Aluminum Div., Harvey Ma- 
chine Co., Inc., Calif (a,h) 
Hawkridge Bros. Co., Mass (a) 
Haynes Stellite Co., Div. of Union 
Carbide Corp., Ind (f) 

Hays Mfg. Co., Pa (I) 

Hazledine, E.T. Co., Ind (g) 

Heil Process Equipment Corp., Ohio 
(k) 

Hi-Grade Alloy Corp., Ill (d) 

Houston Blow Pipe & Sheet Metal 
Works, Tex (a,b,g) 

Hungerford Plastics Corp., NJ (k) 

Hussey, C.G. & Co., Div. of Copper 
Range Co., Pa (b) 

Hydrawlik Co., NJ (k,m) 

Imco Container Corp., Mo (k) 

Industrial Pipe & Supply Co., Ill (g) 

Industrial Plastic Fittings Co., Ohio 
(k) 

Industrial Synthetics Corp., NJ (k) 


international Nickel Co., Inc., 
NY 
(f) 


Jackson Steel Products, Inc., NY (a, 
b,g) 

Jari Extrusions, Inc., NY 
(a) 


Jet Specialties Co., Inc., Calif (k) 
Johnson Metal Hose, Inc., Conn (b,f) 
Johnson Plastic Corp., Ohio (k,m) 
Johnson Rubber Co., Ohio (m) 
Jones & Laughlin Steel Corp., Pa (g) 
Jordan-Rogers Co., Calif (k) 
Judsen Rubber Works, Inc., Ill (m) 
K S H Plastics, Inc., Mo (k) 


Kaiser Aluminum & Chemical 
Sales, inc., Ul 
(a) 


Kaiser Steel Corp., Calif (g) 

Kenmore Machine Products, Inc., NY 
(b) 

Kensico Tube Co., NY (b) 

Kleiner Metal Specialties, Inc., NJ 
(g) 

Koehler Mfg. Co., Mass (9) 

Kraloy Plastic Pipe Co., Inc., Calif 
(k) 

Kroh Wagner, Ill (a,9) 

Laclede Steel Co., Mo (9) 

Langsenkamp, F.H. Co., Ind (a,b) 

Leach & Garner Co., Mass (b,f) 

Lee Rubber & Tire Corp., Pa (m) 

Lewin-Mathes Co., Mo (b) 

Lewis & Saunders, NH (a,b,g) 

Linderme Tube Co., Ohio (a,b) 

Lock Joint Tube Co., Inc., Ind (g) 

Lunn Laminates, Inc., NY (I) 

Luzerne Rubber Co., NJ (k,m) 

MacKenzie-Walton Co., RI (b) 

Magline Inc., Mich (a,e) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (a,b,e,g) 

Manufacturers Corp., Ohio (k) 

Manufacturers & Fabricators, Inc., 
Ohio (f) 

ae Rubber Products Co., NY 
! 

Mechanical Steel Tubing Corp., NY (a, 
9) 

Meier Screw Products & Mfg. Co., 
Mich (a,b,c,e,9) 

Meico Wire Products, Calif (a) 

Metal Forming Corp., Ind (f,h) 

Metal Goods Corp., Mo (a,b,f,g) 

Midland Pipe & Supply Co., Il! (b,c,9) 

Midvale-Heppenstall Co., Pa (g) 

—— Mining & Mfg. Co., Minn 
k,) 

— Boiler & Sheet Works, Mo 
9 

Moore Drydock Co., Calif (9) 

Morse, Fred W. Co., RI (a) 

Mueller Brass Co., Mich 
(b)—Ad p 357 

Murray, A.B. Co., Inc., NJ (a,b,f,9) 

Nalge Co., Inc., NY (k) 
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Narrangansett Boiler Works, Inc., RI 
(g) 

National Copper & Smelting Co 
Ohio (b) 

National Electric Products Corp., Pa 
(g) 

National Galvanizing Co., Pa (g) 

National Gasket & Washer Mfg. Co., 
Inc., NY (k,I,m) 

National Lead Co., NY (a,b,d) 

National Lead Construction Co., Inc., 
NJ (d) 

National Supply Co., Pa (9) 

National Tube Div., U.S. Steel Corp., 
Pa (g) 

National Vulcanized Fibre 
Co., Del 
(k,—Ad p 225 

New England Tape Co., Inc., Mass (k) 

Nikoh Tube Co., Ill (g) 

Noera Mfg. Co., Conn (b,g) 

Ohio Seamless Tube Div., Copperweld 
Steel Co., Ohio (g) 

Ohio Steel Foundry Co., Ohio (f) 

Olds Alloys Co., Calif (b,d,f) 

Olin Mathieson Chemical Corp., Alum- 
inum Div., NY (a) 

Oregon Metallurgical Corp., Ore (h) 

Pabst Engineering Equipment Co., Inc., 
NJ (a,b,c,e,f,9,h,j) 

Parker Metal Goods Co., Mass (a,g) 

Parker, Stearns & Co., Inc., NY (m) 

Parker-Street Castings Co., Ohio (c) 

Pencoyd Steel & Forge Corp., Pa (c,g) 

Penn Brass & Copper Co., Pa (b) 

Penn Extrusion Corp., Pa (a) 

Perfex Plastics, Inc., Ill (k) 

Pfister Aluminum Corp., NJ (a) 

Phoenix Iron & Steel Co., Pa (g) 

Pittsburgh Steel Co., Pa (j) 

Pittsburgh Tube Co., Pa (g) 

Plastex Co., Ohio 

Plastic Pipe & Tube Corp., Calif (k) 

Plastic Process Co., Inc., Calif (k) 

Polyform Plastics Corp., NY (k) 

Polymer Corp., Pa (k) 

Porter, William Co., Calif (I) 

Precision Extrusions, Inc., Ill (a) 

Precision Tube Co., Inc., Pa (a,b,f,9) 

Pressed Steel Co., Pa (f) 

Prima Pipe Co., Tex (k) 

Prince Rubber Co., Inc., NY (k,m) 

Pyramid Moldings, Inc., Ili (g) 

Pyramid Plastics, Inc., Ill (k,m) 

Quaker Rubber Div., H.K. Porter Co., 
Pa (k,I,m) 

Raybestos-Manhattan, Inc., NJ (m) 

Reading Tube Corp., NY (b) 

Reflin Co., Calif (k) 

Reinhold Engineering & Plastics Co., 
Calif (k) 

Reliance Plastic & Chemical Corp., NJ 
(k) 

Ren Plastics, Inc., Mich (i) 

Replac Corp., Ohio (k,I,m) 

Republic Steel Corp., Ohio (g) 

Republic Steel Corp., Steel 
& Tubes Div., Ohio 
(f,g,h)—Ad pp 78-9 


Resin Industries, Calif (k) 
Resistoflex Corp., NJ (k) 
Revere Copper & Brass, Inc., NY 
(a,b,9) 
Rex Corp., Mass (k) 
Reynolds Metals Co., Va (a) 
Rigidized Metals Corp., NY (a,9) 
Roll Formed Products Co., 
Ohio 
(a,9) 
Rolled Alloys, Inc., Mich (f,g) 
Rolock, Inc., Conn (f) 
Rome Turney Radiator Co., NY (a,b,9) 
Roth Steel Products Co., Ohio (9) 
Rotometals, Calif (d) 
Rowland Products, Inc., Conn (k) 
Ryerson, Joseph T. & Son, Inc., Ill 
(a,9) 
Sandusky Foundry & Machine 
Co., Ohio 
(b,f,g) 
Sandvik Steel, Inc., NJ (g) 
Sanford Plastics Corp., NY (k) 
Saran Lined Pipe Ce., Mich (g) 
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Sawhill Tubular 
(f,g) 

Schwab Plastics Corp., Mich (k,m) 

Scovill Mfg. Co., Mill Prod- 
ucts Div., Conn 

(a,b) 

Searjeant Metal Products, Inc., NJ (g) 

Service Steel Co., Mich (g) 

Shamban, W.S. & Co., Ind (k) 

Sharon Steel Corp., Pa (g) 

Sharpsville Steel Fabricators, Inc., Pa 
(b,9) 

Shaw-Kendall 
(a,b,c,f,9) 

Shanango Furnace Co., Centrifugally 
Cast Products Div., Ohio (b,c,f) 

Shoe Form Co., NY (k) 

Sierra Electronic Corp., Calif (k) 

Skyline Industries, Pa (k) 

Small Tube Products, Inc., Conn (b) 

Snyder, M.L. & Son, Inc., Pa (k) 

South River Metal Products Co., Inc., 
NJ (a,e) 

Southern Aluminum Finishing Co., 
Inc., Ga (a) 

Southern Plastics Co., SC (k,m) 

Southwestern Plastic Pipe Co., Tex 
(k) 

Sparta Mfg. Co., Div. of U.S. Ceramic 
Tile Co., Ohio (k) 

Spaulding Fibre Co., Inc., NY 
(e)—Ad p 217 

Spiral-Glas Pipe Co., NJ (k) 

Spuck Iron & Foundry Co., Mo (g) 

Standard Metals Corp., Mass (b,f) 

Standard Products Co., Mich (m) 

Standard Tube Co., Mich (g) 

Star Heel Plate Co., Inc., NJ (g) 

Stockwell Rubber Co., Inc., Pa (k,m) 

Stokes Molded Products, Div., Electric 
Storage Battery Co., NJ (k) 

Sunlite Plastics, Inc., Wis (k) 

Superior Tube Co., Pa (c,f,g,h) 

Supplex Co., Div. of American Hard 
Rubber Co., NJ (k,m) 

Surprenant Mfg. Co., Mass (k) 

Swepco Tube Corp., NJ (f) 

Synthane Corp., Pa 
()—Ad p 200 

Taylor Fibre Co., Pa 
(1) 

Technical Specialties Co., NY (m) 

Texas Aluminum Co., Tex (a) 

Thompson Pipe & Steel Co., Colo (c,f, 
g) 

Timken Roller Bearing Co., Ohio (g) 

Titanium Metals Corp. of America, 
NY (h) 

Tompkins Products, Mich (a) 

Torrington Co., Conn (a,g) 

Trent Tube Co., Sub. of Crucible 
Steel Co. of America, Pa (f,g,h) 

Triangle Conduit & Cable Co., Inc., 
NJ (b,k) 

Trim Alloys, Inc., Mass (a) 

Tube —— Co., Inc., NY (c,e,f, 
gh 

Tube Methods, Inc., Pa (c,f,g) 

Tube Reducing Corp., NJ (f,9,h) 

Tube Turns Plastics Inc., Ky (k) 

Udylite Corp., Mich (k) 

Uniform Tubes, Inc., Pa (a,b,f,g) 

Union Steel Corp., NJ (9) 

U.S. Rubber Co., Mechanical Goods 
Div., Ind (k) 

“— Steel Corp., Pa 
9) 

U.S. Stoneware Co., NY (k) 

U.S. Valve & Mfg. Co., Calif (g) 
United Wire & Supply Corp., RI (a,b) 

Universal Converting Corp., Mass (a) 

Vanamatic Co., Ohio (9) 

Van Huffel Tube Corp., Ohio (a,b,g) 

Van Pelt Corp., Service Steel Div., 
Mich (f,g,h) 

Viking Copper Tube Co., Ohio (b) 

Viplax Products Corp., NJ (k) 

Visking Corp., Plastics Div., Ind (k) 

Vogt Mfg. Corp., NY (k) 

Vulcan Metal Products, Inc., Ala (a) 

Vulcan Rail & Construction Co., NY 
(a,c,g) 

Wall Tube & Metal Products Co., 
Tenn (b,f,g) 

Wallace Tube Co., Div. of Wallace 


Products, Inc., Pa 


Engineering Co., Ohio 










Supplies Mfg. Co., (a,b,g) 

Wallingford Steel Co., Conn 
(g) 

Wal-Mar Corp., Ill (a,b,c,e,9) 

Waterman Industries, Inc., Calif (a,b) 

Weiskittel, Harry C. Co., Inc., Md (c) 

Welding Apparatus Co., iii (a,f) 

Wells, A.H. & Co., Inc., Conn (b) 

Western Felt Works, Ili 
(i,m) 

Westlake Plastics Co., Pa (k,1,m) 

Wheatland Tube Co., Pa (g) 

Wheeling Steel Corp., Va (g) 

White Metal Rolling & Stamping Co., 
NY (a,e) 

Whitehead Metal Products Co., Inc., 
NY (a,b,f,g,h) 

Wolverine Tube Div., Calumet & Hecla, 
Inc., Mich (a,b,g) 

Woolf Aircraft Products, Inc., Mich 
(a,b, f,9) 

World Plastex, NY (k,m) 

Yardley Plastics Co., Ohio (k) 

Youngstown Mfg., Inc., Ohio (a) 

Youngstown Sheet and Tube Co., Ohio 
(g) 

Youngstown Welding & Engineering 
Co., Ohio (a,f,h) 


Tungsten 


American Metal Climax, Inc., 
NY 
(aa) 

American Nickel 
NY (w,aa) 
Associated Engineering & Mfg. Corp., 

NJ (0,aa,bb,cc,dd, ff) 
Belmont Smelting & Refining 


Alloy Mfg. Corp., 


Works, NY 

(aa) 
Cleveland Tungsten, Inc., Ohio (aa) 
Electro Metallurgical Co., 


Div. of Union Carbide Corp., 
NY 
(aa) 

Elmet Div., North American Philips 
Co. Inc., Me (w,aa,bb,ff) 

Fansteel Metallurgical Corp., 
TT 
(n,0,q,V,W,z,aa,bb,cc,dd,ee, ff)—Ad pp 
138-39 

Fromson Orban Co., Inc., NY (ff) 

General Electric Co., Lamp Wire & 
Phosphors Dept., Ohio (w,aa,bb,cc, 
dd, ff) 

Gibson Electric Co., Pa (aa) 

Hardy, Charles, Inc., NY (aa) 

Hayden Wire Works, Inc., Mass (ff) 

Kinkead Industries, Inc., Ill (0) 

Mallory-Schwarzkopf Metals, Inc., NY 
(0,v,w,z,bb,cc,dd,ee, ff) 

Molybdenum Corp. of America, Pa (o, 
w,z,aa,bb,cc,dd) 

Shieldalloy Corp., NJ (aa) 

Sylvania Electric Products, Inc., Chem- 
ical & Metallurgical Div., Pa (w,aa, 
bb, ff) 

Wah Chang Corp., NY (n,aa,bb,cc,ff) 

Westinghouse Electric Corp., Pa (o, 
,V,W,z,bb,cc,dd,ee) 


Upset Forgings 


(see Forgings) 


Ureas 


Adhesive Products Corp., NY (x) 
Allied Chemical Corp., Plastics & 
Coal Chemicals Div., NY (x) 
American Cyanamid Co., Plastics & 
Resins Div., NY (p,u) 
American Viscose Corp., Pa (y) 
Archer-Daniels-Midiand Co., Minn (p) 
Bakelite Co., Div. of Union Carbide 
Corp., NY (p,x) 
Booty Resineers, Inc., NJ (p) 
Borden Co., Chemical Div., NY (p) 
Catalin Corp. of America, NY (p,x) 
Chemical Process Co., Calif (x) 
Colton Chemical Co., Div. of Air Re- 
duction Co., Inc., Ohio (u) 





Dunnican Asso., NJ (y) 

du Pont de Nemours, E.I. 
Inc., Del (p) 

Farley & Loetscher Mfg. Co., Plastics 
Div., Iowa (cc) 

Gordon Chemicals, Inc., Del (y) 

Kurz Kasch, Inc., Ohio (y) 

Loven Chemical of California, Calif 
(p,u) 

Luminous Resins, Inc., Ill (y) 

Mica Insulator Div., Minnesota Mining 
& Mfg. Co., NY (bb,cc) 

Monsanto Chemical Co., Plastics Div., 
Mass (p) 

Muehistein, H. & Co., Inc., NY (p,y) 
Nopco Chemical Co., NJ (p) 

Omni Products Corp., NY (p) 

Reichhold Chemicals, Inc., NY (p,x) 

Robot Devices, Inc., Va (p,u,y) 

Sylvan Plastics, Inc., Pa (y) 

Synco Resins, Inc., Conn (p) 

Texas Glass Fiber Corp., Tex (y) 


& Co., 


Urethane Plastics 


Adhesive Products Corp., NY (x) 

Allied Chemical Corp., Plastics & Coal 
Chemicals Div., NY (u) 

American Latex Products Corp., Calif 

American Rubber Products Corp., Ind 
(u,cc,dd) 

Atlas Mineral Products Co., Pa (u) 

Burkart, F. Mfg. Co., Div. of Textron 
Inc., Mo (u) 

Cadillac Plastic & Chemical Co., Mich 
(x,y,bb,cc,dd) 

Chemical Coatings & Engineering Co., 
Inc., Pa (p,u,x) 

= Chemical Industries Corp., NY 
u) 

Dayton Rubber Co., Ohio (p,u,x,y,bb, 
cc,dd,ee) 

Disogrin Industries, Inc., NY (bb,cc) 

Dryden Rubber Div., Sheller Mfg. 
Corp., Ill (u,y) 

du Pont de Nemours, E.I. & Co., 
Inc., Del (u) 

du Pont de Nemours, E.I. & Co., Inc., 
Elastomer Chemicals Div., Dei (p) 

Electro Chemical Engineering & Mfg. 
Co., Pa (cc) 

Englander Co., Inc., Industrial Prod- 
ucts Div., Md (u) 

Foamade Industries, Mich (u,x,y,cc,dd) 

Foss Mfg. Co., Plastics Div., Id (p) 

Fry Plastics Co., Calif (u) 

Furane Plastics, Inc., Calif (x,y) 

General Plastics Mfg. Co., Wash (u, 
cc) 

General Tire & Rubber Co., Ind (u) 

General Tire & Rubber Co., Chemical 
Div., Ohio (p) 

Hadley Bros.-Uhi Co., Mo (u) 

Hewitt-Robins, Inc., Conn (u) 

Interchemical Corp., Finishes Div., 
NJ (u) 

Isocyanate Products, Inc., Del (p,u) 

Loven Chemical of California, Calif 
(p,u) 

Luminous Resins, Inc., Ill (y) 

Maloney, F.H. Co., Tex (y) 


Mobay Chemical Co., Pa 
(p,u,x,y) 

Nesbitt Industries, Inc., Ill (u) 

Nopco Chemical Co., NJ (u,cc) 

Pelron Corp., Ill (p,x,y) 

Reichhold Chemicals, Inc., NY (u) 

Rubber Corp. of America, NY (u) 

— Reinforced Plastics Corp., NY 
u) 

Schenectady Varnish Co., Inc., NY (p) 

Schwab Plastic Corp., Mich (u) 

Sheller Mfg. Corp., Mich (u) 

Southern Plastics Co., NC (bb,cc,dd, 
ee) 

Strick Plastics Co., Pa (u) 

Thiokol Chemical Corp., NJ (p,u,x,y) 

Toyad Corp., Pa (u) 

United Shoe Machinery Corp., Mass 
(t,u) 

U.S. Rubber Co., Conn (p,u,x,y) 

Witco Chemical Co., Ill (p,u) 

Woodal! Industries, Inc., Mich (u) 

World Plastics, NY (bb,cc,dd,ee) 
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Urethane Rubber 


Adhesive Products Corp., NY (x) 

American Latex Products Co., Calif 

American Rubber Products Corp., Ind 
(u,cc,dd) 

Brown Rubber Co., Inc., Ind (u) 

Castle Rubber Co., Pa (y,bb,cc,dd,ee) 

Chemical Coatings & Engineering Co., 
Inc., Pa (u,y) 

Chicago-Allis Mfg. Corp., Allis Rub- 
ber Div., Ill (p) 

Continental Rubber Works, Pa (bb,cc, 
dd,ee) 

Dayton Rubber Co., Ohio (p,u,x,y,bb, 
cc,dd,ee) 

Disogrin Industries, Inc., NY (bb,cc) 

Dryden Rubber Div., Sheller Mfg. 
Corp., Ill (y,ee) 

du Pont de Nemours, E.I. & Co., Inc., 
Del. (p,u) 

Electro Chemical Engineering & Mfg. 
Co., Pa (u) 

Faultless Rubber Co., Ohio (u) 

Flexible Tubing Corp., Conn (ee) 

Foamade Industries, Mich (u,x,y,cc,dd) 

General Plastics Mfg. Co., Wash (u,cc) 

General Tire & Rubber Co., Chemical 
Div., Ohio (p) 

Hewitt-Robins, Inc., Conn (u) 

Isocyanate Products, Inc., Del (p,u) 

Maloney, F.H. Co., Tex (x,y) 

Mobay Chemical Co., Pa 
(p,u,x,y—Ad p 199 

Naugatuck Chemical Div., U.S. Rub- 
ber Co., Conn (p,u,x) 

Parker Seal Div., Parker-Hannifin 
Corp., Ohio (u) 

Pelron Corp., Ill (p,u,x,y) 

Quaker Rubber Div., H.K. Porter Co., 
Pa (u) 

Reynolds Chemical Products 
Co., Mich 
(p,u,x—Ad p 216 

Rubber Corp. of America, NY (u) 

Schwab Plastics Corp., Mich (u) 
Sheller Mfg. Corp., Mich (u) 

Technical Specialties Co., NY (dd) 

Thiokol Chemical Corp., NJ (p,y) 

Thombert, Inc., Iowa (bb,cc) 

Toyad Corp., Pa (t,u) 

U.S. Rubber Co., NY (p) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (p,y,cc) 
Western Felt Works, Ill 
(y,cc,dd,ee) 

Witco Chemical Co., Ill (p,u) 


Vacuum Formed 
Parts 


(see Moldings, Sheet) 


Vacuum 
Metallizing 


(see Metallized Coatings) 


Vanadium 


American Metal Climax, Inc., 
NY 
(0) 


American Nickel Alloy Mfg. Corp., NY 
(w) 

Belmont Smelting & Refining 
Works, Inc., NY 
(aa) 


Chace, W.M. Co., Mich (cc,dd) 
Chicago Development Corp., Md (aa) 
Electro Metallurgical Co., 
Div. of Union Carbide Corp., 
NY 
(w,z,aa,bb)—Ad p 134 
General Plate Div., Metals & Controls 
Corp., Mass (v) 
Hardy, Charles, Inc., NY (aa) 
Magnesium Elektron, Inc., NY (w,aa) 





























Niagara Falls Smelting & Refining 
Div., Continental Copper & Steel 
Industries, Inc., NY (v,w) 

Shieldalioy Corp., NY (aa) 


Vanadium Corp. of America, 
NY 
(w) 

Westinghouse Electric Corp., Pa (o, 
q,V,W,z,bb,cc,dd,ee) 


Varnishes 
(see Organic Coatings) 


Vinyls 

Adhesive Products Corp., NY (x) 

Albany Novelty Mfg. Co., Mass (t) 

Albert Pipe Supply Co., Inc., NY (ee) 

Alpha Plastics, Inc., NJ (bb,ee) 

Alpha Wire Corp., NY (ee) 

Amercoat Corp., Calif (cc) 

American Agile Corp., Ohio (bb,cc,dd, 
ee) 

American Hard Rubber Co., 
Div. of Amerace Corp., NJ 
(bb,cc,dd,ee)—Ad pp 196-7 

American Molding Powder & Chemical 


Co., NY (y) 

American Products Mfg. Co., Inc., La 
(p) 

Atlas Mineral Products Co., Pa (bb, 
cc,dd,ee) 


Auburn Plastic Engineering, Ill (cc) 

Auburn Plastics, Inc., NY (y,bb,cc,dd, 
ee) 

Automotive Rubber Co., Inc., 
(u,y,cc) 

Bakelite Co., Div. of Union Carbide 
Corp., NY (p,t,u,y,bb) 

Bamberger, Claude P., Inc., NJ (p,y) 

Bischoff Chemical Corp., Conn (u) 

Blacher, B., NY (t) 

Blaco Mfg. Co., Ohio (t) 

Blank, Arthur & Co., Inc., Mass (t, 
cc) 

Blossom Mfg. Co., Inc., NY (t,cc) 

Borden Chemical Co., Resinite Dept., 
Calif (t,y,bb,cc,dd,ee) 

Brown Rubber Co., Inc., Ind (u) 

Byers, A.M. Co., Pa (cc) 

Cadillac Plastic & Chemical Co., Mich 
(t,bb,cc,dd,ee) 

Carolina Industrial Plastics Div., Essex 
Wire Corp., NC (u) 

Carroll, J.B. Co., Ill (cc) 

Carroll Plastic Compounding Corp., 
Sub. of Plastiglide Mfg. Corp., 
Calif (y) 

Cary Chemicals, Inc., NJ (p) 


Celanese Corp. of America, 
Plastics Div., NJ 
(p)—Ad pp 183-86 
Chemical Products Corp., RI (x) 
Chippewa Plastics, Inc., Wis (ee) 
Clad-Rex Corp., Ill (t) 
Colonial Art Co., Inc., Mass (cc) 
Colonial Plastics Mfg. Co., Ohio (bb, 
cc,dd) 


Mich 





Suppliers of Materials 


Colton Chemical Co., Div. of Air Re- 
duction Co., Inc., Ghio (p) 

Commercial Plastics & Sup- 
ply Corp., NY 
(bb,cc)—Ad p 182 

Conneaut Rubber & Plastics Co., Ohio 
(y,bb,cc,dd) 

Cordo Chemical Corp., Conn 
(y) 

Crest Chemical 
(u) 

CrystalIX Corp., Pa (t,bb,cc,dd,ee) 

Dapol Plastics, Inc., Mass (y) 

Davis, Joseph Plastics Co., NJ (t,bb) 

Dennis Chemical Co., Mo (y) 

Designers Metal Corp., Ill (cc) 

Diamond Alkali Co., Ohio (p,y) 

Dobeckmun Co., Div. of Dow Chemi- 
cal Co., Ohio (x) 

Douglas & Sturgess, Calif (y) 


Industries Corp., NY 


Dow Chemical Co., Plastics 
Div., Mich 

(p,yX—Ad pp 189,198 

Dryden Rubber Div., Sheller Mfg. 
Corp., Ill (y,ee) 

du Pont de Nemours, E.I. & 
Co., Inc., Polychemicals 
Div., Del 

(y,cc) 


Dura Flex Co., Calif (t,cc) 

Dura Plastics of New York, Inc., NY 
(cc) 

Elastomer Chemical Corp., NJ (y) 

Electric Steel Foundry Co., Ore (bb, 
cc,dd,ee) 

Electro Chemical Engineering & Mfs. 
Co., Pa (t) 

Eljay Corp., Md (bb,cc,dd,ee) 

Eim Coated Fabrics Co., Inc., NY (t,x) 

Escambia Chemical Corp., NY (p) 

Fasson Products, Ohio (t) 

Federal Adhesives Corp., NY (u,y) 

Firestone Plastics Co., Pa (p,s,t,x,cc) 

Flexfirm Products, Calif (s) 

Flexible Tubing Corp., Conn (ee) 

Franklin Glue Co., Ohio (p) 

Fry Plastics Co., Calif (cc) 

Fuller, H.B. Co., Minn (x) 

Fullerton Mfg. Co., Calif (y) 

Galigher Co., Utah (bb,cc,dd,ee) 

Geauga Industries Co., Ohio (bb,dd) 

General Gasket Co., Inc., Conn (cc) 

General Plastics Mfg. Co., Wash (bb, 
cc,dd,ee) 

General Tire & Rubber Co., Chemical 
Div., Ohio (p) 

General Tire & Rubber Co., Texti- 
leather Div., Ohio (x) 

Genesee Laboratory, Inc., NY (ee) 

Gering Products, Inc., NJ (y,bb,ee) 

Goodrich, B.F. Co., Sponge Products 
Div., Conn (u) 

Goodrich, B.F. Chemical 
(p,y) 

Goodrich, B.F. Industrial Products Co., 
Ohio (t,bb,cc,dd,ee) 

Goodyear Tire & Rubber Co., Chem- 
ical Div., Ohio (p) 

Great American Industries Inc., Ruba- 
tex Div., Va (u) 


Co., Ohio 





H & R Industries, Pa (bb,cc,dd,ee) 

Hartwell, H. N. & Son, Inc., Mass 
(bb,cc,ee) 

Haskelite Mfg. Corp., Mich (cc,dd) 

Haveg Industries, Inc., Del (bb,cc,ee) 

Heil Process Equipment Corp., Ohio 
(x) 

Hydrawlik Co., NJ (bb,dd) 

Industrial Plastics Corp., Ind (bb,dd) 


Interchemical Corp, NY (u,y) 

Interchemical Corp., Finishes Div., NJ 
(u) 

Jet Specialties Co., Inc., Calif (bb, 
dd,ee) 

Jones-Dabney Co., Div. of Devoe & 
Raynolds Co., Inc. Ky (p) 

K S H Plastics, Inc., Mo (bb,cc,dd) 

Kaykor Industries, Inc., Div. of Kaye- 
Tex Mfg. Corp., NJ (t,bb,cc,dd,ee) 

Knight, Maurice A., Ohio (cc) 

Kuss, R.L. & Co., Inc., Ohio (t) 

Laminated Plastex Corp., Ohio (x,cc) 

Luminous Resins, Inc., Ill (y) 

Maloney, F.H. Co., Tex (y) 

Mannesmann-Easton Plastic Products 
Co., Inc., Pa (bb,ee) 

Masland Duraleather Co., Pa (t,cc) 

Mayon Plastics, Minn (ee) 


Monsanto Chemical Co., Or- 
ganic Chemicals Div., Mo 
(p)—Ad p 283 

Monsanto Chemical Co., Plastics Div., 
Mass (p,t,y) 

Moore, Samuel & Co., Ohio (ee) 


Munray Products Div., Fanner Mfg. 
Co., Ohio (p,x,y) 

Nalge Co., Inc., NY (ee) 

National Gasket & Washer Mfg. Co., 
Inc., NY (bb,cc,dd,ee) 

National Starch Products Inc., Struc- 
tural Products Div., NY (p) 

National Tube Div., U. S. Steel Corp., 
Pa (ee) 

Naugatuck Chemical Div., U. S. Rub- 
ber Co., Conn (p,t,u,x,y,cc) 
New England Tape Co., Inc., 

(u,y,bb,cc,dd) 


Newage Industries, Inc., Pa (ee) 
Nixon Nitration Works, NJ (cc) 
Omni Products Corp., NY (p,t,y,cc) 
Ormond Mfg. Co., Inc., NJ (cc,dd) 
O’Sullivan Rubber Corp., Va (cc) 
Pawling Rubber Corp., NY (bb,dd,ee) 
Perfex Plastics, Inc., Ill (bb,dd,ee) 


Permacel-LePage’s, Inc., NJ (ee) 
Philrus Products Co., NJ (bb,cc,dd,ee) 
Plast-Ad Mfg. Co., Inc (cc) 

Polo Plastics Co., Wis (t) 

Poly Resins, Calif (p) 

Premier Thermo Plastics Co., Ky (y) 
Pyramid Plastics, Inc., Ill (bb,dd,ee) 
Pyrosil, Inc., Ohio (u,ee) 
Quelcor, Inc., Pa (t) 

Rand Rubber Co., NY (p,t,x) 
Raybestos-Manhattan, _Inc., 
Products Div., Conn (x) 
Reichhold Chemicals, Inc., NY (p,x) 
Reliance Plastic & Chemical Corp., NJ 

(bb, dd) 


Mass 


Plastic 





MATERIALS 


a—Aluminum and its alloys 
b—Copper and its alloys 


d—Lead and its alloys 
BASIC FORMS 





c—lIron and its alloys (except steel) 


KEY 


e—Magnesium and its alloys 
f—Nickel and its alloys 
gZ—Steels 

h—Titanium and its alloys 


——_— — eee ct cee ee 


n—Anodes r—Custom formed parts v—Foil aa—Powder 
o—Bar (incl. specialties) w—lIngot bb—Rod 
polymers or gums s—Fibers x—Laminating, casting cc—Sheet 
p—Base resins, t—Film resins dd—Strip 
u—Foams (component y—Molding compounds ee—Tubing 
q—Billets materials or products) z—Plate ff—Wire 


j—Zinc and its alloys 
k—Thermoplastics 
i—Thermosetting plastics 
m—Elastomers 
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Republic Rubber Div., Lee Rubber ¢ 
Tire Corp., Ohio (p,ee) 

Resistoflex Corp., NJ (bb,cc) 

Respro Div., General Tire & Rubber 
Co. (t,cc) 

Reynolds Chemical Products 
Co., Mich 
(p,x,y) 

Reynolds Metals Co., Va (t) 

Rezolin, Inc., Calif (t) 

Ross & Roberts, Inc., Conn (t) 

Rowland Products, Inc., Conn (bb,dd, 
ee) 

Rubber Corp. of America, NY (p,t,u, 
y,cc) 

Rubber & Plastics Compound Co., 
Inc., NY (cc) 

Russell Mfg. Co., Conn (s) 

Saran Lined Pipe Co., Mich (bb,cc,ee) 

Schwab Plastic Corp., Mich (u,bb,cc, 
dd,ee) 

Scranton Plastic Laminating Corp., Pa 
(cc) 

Seaman Products, Calif (t,cc) 

Seiberling Rubber Co., Plastics Div., 
Ohio (bb,cc) 

Shawinigan Resins Corp., Mass (p) 

Sheller Mfg. Corp., Mich (y) 

Snyder, M.L. & Son, Inc., Pa (cc,ee) 

Snyder Mfg. Co., Inc., Ohio (t,cc) 

Southern Plastics Co., SC (bb,cc,dd) 

Stockwell Rubber Co., Inc., Pa (y,bb, 
cc,dd) 

Sun Steel Co., Ill (t,cc) 

Sunlites Plastics, Inc., Wis (bb,dd,ee) 

Superior Plastics, Inc., Ill (bb,dd) 

Supplex Co., Div. of Amerace Corp., 
NJ (y,dd,ee) 

Synco Resins, Inc., Conn (p) 

Texas Plastic Development Corp., Tex 
(bb) 

Toyad Corp., Pa (u) 

United Shoe Machinery Corp., Mass 
(p,u) 

U. S. Rubber Co., NY (p,y) 

U. S. Stoneware Co., Ohio (cc,ee) 

Varflex Corp., NY (ee) 

Visking Corp., Plastics Div., Ind (t) 

Vogt Mfg. Corp., NY (bb,dd) 

Vulcan Rubber Products Div., Reeves 
Bros., Inc., NY (dd,ee) 

Walsen Consolidated Mercantile Co., 
NY (t,cc) 

Watson-Standard Co., Pa (u,y) 

Western Plastics Corp., Neb (bb,dd, 
ee) 

Whitehead Metal Products Co., Inc., 
NY (cc,ee) 

Woodall Industries, Inc., Mich (cc) 

World Plastex, NY (bb,cc,dd) 

Wyatt’s Plastics, Inc., Tex (u,bb,cc, 
dd,ee) 


Vinylidene 
Chloride 


(see Vinyls) 


Vulcanized Fibre 


Ace Plastic Co., NY (bb,cc) 

Baer, N.S. Co., NJ (bb,cc,dd,ee) 

Cadillac Plastic & Chemical Co., Mich 
(bb,cc,dd) 

Colonial Kolonite Co., Ill (bb,cc,ee) 

Commercial Plastics & Sup- 
ply Corp., NY 
(bb, cc) 

Continental-Diamond Fibre Corp., Del 
(bb,cc,dd,ee) 

Coyne & Paddock, Inc., NY (cc) 

Dobeckmun Co., Div. of Dow Chemical 
Co., Ohio (x) 

Electrofilm, Inc., Calif (t) 

Insulation Mfrs. Corp., Ill (bb,cc,dd, 
ee) 

Iten Fibre Co., Ohio (s,bb,cc,dd,ee) 

Laminated Plastex Corp., Ohio (x,cc) 

National Gasket & Washer Mfg. Co., 
Inc., NY (bb,cc,dd,ee) 

National Vulcanized 
Co., Del 
(bb,cc,dd,ee)h—Ad p 225 


Fibre 








Penn Fibre & Specialty Co., Inc., Pa 
(bb,cc,dd,ee) 

Philrus Products Co., NJ (bb,cc,dd, 
ee)—Ad p 194 

Spaulding Fibre Co., Inc., NY 
(bb,cc,ddeeX—Ad p 217 

Staver Co., Inc., NY (cc,dd) 

Taylor Fibre Co., Pa 
(bb,cc,dd) 

Thombert, Inc., Iowa (cc,dd) 

Westlake Plastics Co., Pa (bb,cc,dd, 
ee) 

Wilmington Fibre Specialty Co., Del 

(bb,cc) 


Welding Rods and 


Electrodes 
(see Filler Metals) 


Weldments 

Abalon Precision Mfg. Corp., NY (a,b, 
c,9) 

Acme Precision Products, Inc., Ohio 
(a,f,g) 

Acorn Sheet Metal Mfg. Co., Inc., Ill 
(g) 


Adams, 1.G. Metalware Co., Mo (g) 

Albert Pipe Supply Co., Inc., Foun- 
dation Div., NY (g) 

Alco Products, Inc., NY (a,b,f,g) 

Allis-Chalmers Mfg. Co., Wis. (a,f,g) 

Alloy Products Corp., Wis 
(a,f,¢,h)—Ad p 348 

Almco Steel Products Corp., Ind (a,b, 
c,9) 

Alten Foundry & Machine Works, Inc., 
Ohio (g) 

Aluminum Co. of America, Pa (a) 

Amalgamated Steel Corp., Ohio (g) 

American Brake Shoe Co., NY (b) 

American Car & Foundry Div., ACF 
Industries, Inc., NY (a,e,g) 

American Cast Iron Pipe Co., 
Ala 
(g) 

American Machine & Foundry Co., 
Cleveland Welding Div., Ohio (a,c, 
f,g,h) 

American Metal Products Co., Mich 
(a,g) 

American Pipe & Construction Co., 
Ore (a,g) 

American Sheet Metal Works, Inc., 
Conn (a,g) 

American Welding and Mfg. Co., Ohio 
(a,f,9,h) 

Ampco Metal, Inc., Wis (b) 

Anderson, 0.L. Co., Inc., Mich (a,b,c, 
d,g) 

Armor Metal Products Co., Ohio (a,g) 

Atlas Steel Construction Co., NY (a, 
b,c,g) 

Automotive Rubber Co., Inc., Mich (a, 
c,e,g) 

Baldwin-Lima-Hamilton Corp., Pa (a, 
g) 

Barclay Mfg. Co., Ind (c) 

Beatty Machine & Mfg. Co., Ind (g) 

Behringer Metal Works, Inc., NJ (a,g) 

Beloit Iron Works, Wis (c,g) 

Bergen Point Iron Works, NY (a,b,c,f, 
9,h,j) 

Bethlehem Steel Co., Pa (c,g) 

— & Niedermeyer Co., Wis (a, 

c,9 

Blaw-Knox Co., Pa (a,g) 

Blickman, S. Inc., NJ (a,b,c,f,h) 

Bossert Div., Rockwell Spring and 
Axle Co., NY (a,c,g) 

— Charles T Inc., Md (a,b,e, 
9 

Brinkerhoff Brass & Bronze Works, 
Inc., NY (a,b,c,f,9) 

Brooks & Perkins, Inc., Mich 
(a,e,g,h)—Ad p 362 

Burkhardt Steel Co., Colo (c,g) 

Butler Mfg. Co., Mo (a,g) 

Caldwell, W.E. Co., Ky (a,g) 

Central Fabricators, Inc., Ohio (a,b, 
¢,f,9,h) 





Chase Brass & Copper Co., Conn (b) 

Clarksville Foundry & Machine Works, 
Tenn (a,c) 

Cleveland Steel Specialty Co., Ohio 
(g) 

Combined Industries Co., NY (a,b,c, 
e,f) 

Combustion Engineering, Inc., Ill (a, 
b,g) 

Commercial Shearing & Stamping Co., 
Ohio (g) 

Composite Forgings, Inc., Mich (g) 

Continental Copper & Steel Industries 
Inc., NY (a,b,c,e,f,g,h) 

Cornell and Underhill, Inc., NJ (a,g) 

Darby Corp., Kan (a,f,g) 

Dare Products, Inc., Mich (g) 

Day Co., Minn (a,g) 

Dixie Bronze Co., Ala (b) 

Dolin Metal Products, Inc., NY (g) 

Dow Chemical Co., Magnesium Div., 
Mich (e) 

Downington Iron Works, Pa (c,g) 

Dravo Corp., Pa (a,g) 

Dresser Mfg. Div., Dresser Industries, 
Inc., Pa (g) 

Electric Auto-Lite Co., Champlain & 
Mulberry Sts., Ohio (g) 

Electric Steel Foundry Co., Ore (g) 

Emerson-Sack-Warner Corp., Mass (a, 
f,g) 

Enterprise Wheel & Car Corp., Va (a, 
g) 

Everard Tap & Die Corp., NY (b) 

Falk Corp., Wis (g) 

Falstrom Co., NJ (a,b,c,d,e,f,9,h,j) 

Farwell Metal Fabricating, Minn (a,c, 
e,g) 

Fitzgibbons Boiler Co., Inc., NY (c) 

Foster Wheeler Corp., NY (a,f,g) 

Gary Steel Products Corp., Va (a,9) 

General Alloys Co., Mass (b,f) 

General American Transportation 
Corp., Plate & Welding Div., Ill. 
(a,f,g) 

General Cable Corp., NY (g) 

Glasby, J.P. Mfg. Co., Inc., NJ (a,e, 
9) 

Goslin Birmingham Mfg. Co., Inc., 
Ala (b,f,9) 

Graver Tank & Mfg. Co., Inc., Ind 
(a,f,g) 

Greene, G.G. Corp., Pa (g) 

Hardy, Mfg. Corp., Ind (g) 

Hazledine, E.T. Co., Ind (g) 

Hibben & Co., Ill (a,g) 

Hicks Corp., Mass (a,b,g) 

Hobbs, Clinton E. Co., Mass (c,g) 

Houston Blow Pipe & Sheet Metal 
Works, Tex (a,b,g) 

Ideal Can Co., Mass (a,c,g) 

Indus Corp., Ind (a,9) 

Industrial Equipment Co., Ohio (a,9) 
Industrial Pipe & Supply Co., Ill (g) 
Industrial Precision Products, Ill (a, 
c) 

Ingalls Iron Works Co., Ala (c,g) 
Ingersoll Products Div., Borg-Warner 
Corp., Ill (g) 

Inland Mfg. Co., Neb (g) 

Interlake Mfg. Co., Mich (9) 


International Nickel Co., Inc., 
NY 
(f) 


Irvington Form & Tank Corp., NY (a, 
b,g) 

Irwin Foundry and Mine Car Co., Pa 
(g) 

K-D Mfg. Co., Tex (c,g) 

Kaiser Steel Corp., Calif (g) 

Kewaunee Engineering Corp., Wis (c) 

King, Alfred B. Co., Conn (a,b,c,d,f,g) 

Koven, L.0. & Bro., Inc., NJ (a,g) 

Krueger Fabricating Co., Inc., Wis (a, 
b,c,e,9) 

LFM Mfg. Co., Inc., Sub. of Rockwell 
Mfg. Co., Kan (g) 

Langsenkamp, F.H. Co., Ind (a,b) 

Larkin Specialty Mfg. Co., Calif (a, 
b,g) 

Lawrence, L. Co., Inc., NJ (a,b,c,e,9, 
h,)) 

Leader Iron Works, Inc., Ill (a,b,c, 
f,g) 










Levinson Steel Co., Pa (g) 

Lincoln Steel Corp., Neb (g) 

Lockport Steel Fabricators, Inc., Ill 
(a,f,g) 

Loeffler, J.M. Co., Machine & Brass 
Works, Pa (a,b,c) 

Lukens Steel Co., Pa 
(a,b,e,f,9,h) 

Machine Products Corp., Ohio (a,b,c 
f,g) 

Magline, Inc., Mich (a,e) 

Magnesium Co. of America, Ind (a,e) 

Mahon, R.C. Co., Mich (a,g) 

Manganese Steel Forge Co., Pa (g) 

Manufacturers & Fabricators, Inc., 
Ohio (f,g) 

Manufacturers Service, Inc., Ohio (a, 
b,g) 

Mayville Metal Products Co., Wis (g) 

McGregor-Michigan Corp., Mich (c,f, 
g) 

McLanahan & Stone Corp., Pa (g) 

McNally Pittsburg Mfg. Co., Kan (a, 
c,9) 

Midvale-Heppenstall Co., Pa (g) 

Midwest Piping Co., Inc., Mich (g). 

Missouri Boiler & Sheet Works, Mo 
(g) 

Moore Dry Dock Co., Calif (g) 

Morrisville Foundry Co., Inc., Vt (g) 

Morse, Fred W. Co., RI (a,b,c,9,j) 

Murray, A.B. Co., Inc., NJ (a,b,f,9) 

Murray Tube Works Inc., NJ (g) 

Narragansett Boiler Works, Inc., RI 
(g) 

National Lead Construction Co., Inc., 
NJ (d) 

National Metal Products Co., Pa (a, 
c,9) 

National Screw & Mfg. Co., Ohio (g) 

National Steel & Shipbuilding Corp., 
Calif (g) 

National Tank Co., Okla (a,g) 

Nigg Engineering Corp., Calif (a,c,g) 

Pabst Engineering Equipment Co., 
Inc., NJ (a,c,f,g) 

Parish Pressed Steel Div., Dana Corp., 
Pa (g) 

Patterson Foundry & Machine Co., 
Ohio (a,g) 


Pennsylvania Engineering Corp., Pa 


(g) 
Penrod, Floyd & Sons Tool & Engl- 
neering Corp., Ind (g) 
Pfaudier Co., NY (a,f,g) 
Phoenix Iron & Steel Co., Pa (g) 
Portland Co., Me (a,f,g) 
Posey Iron Works, Inc., Pa (g) 
Pressed Steel Tank Co., Wis (a,f,g) 
Progressive Service Co., Mo (9) 
Pusey & Jones Corp., Del (a,b,c,e,f,9) 
Queen Products Co., Inc., Ky (a,g) 
Rankin Forge Co., Pa (c,g) 
Republic Steel Corp., Ohio (g) 
Reynolds Metals Co., Va (a) 


Rockwell - Standard Corp., 
Stamping Div., NY 
(a,b,c, f,9,h,J) 


Rolock, Inc., Conn (f,g) 

Rose Iron Works, Ohio (a,b,c,f,g,h) 

Rosedale Foundry & Machine Co., Pa 
(9) 

Sandy Hill Iron & Brass Works, NY 
(b,g) 

Scaife Co., Pa (a,b,c,f,g) 

Seattle Boiler Works, Inc., Wash (a, 
f,g) 

Shank Metal Products Co., NY (a,g9) 

Sherman & Reilly, Inc., Tenn (a,e,f,g) 

Shriver, T. & Co., Inc., NJ (a,g) 

Sinclair Co., Mass (b,c,9) 

Sioux City Foundry & Boiler Co., 
Iowa (g) 

Smith, A.0. Corp., Wis (a,9) 

South River Metal Products Co., Inc., 
NJ (a,e,9) 

Southern Car & Mfg. Co., Inc., Ala 
(a,g) 

Southwestern Porcelain Steel Corp., 
Okla (g) 

Spincraft, Inc., Wis (a,f,9) 

Spring City Foundry Co., Pa (c) 

Spuck Iron & Foundry Co., Mo (g) 

Stacey Mfg. Co., Ohio (a,g) 





Stainless Metals, Inc., NY (c,f,h) 

Standard Steel Sections, Inc., NY (a, 
c,g) 

Star Heel Plate Co., Inc., NJ (g) 

Steel, R. & Sons, Inc., NY (gq) 

Steel Fabricators Co., Ohio (a,c,e,f, 
g,h) 

Stover Steel Tank & Mfg. Co., Ill 
(d,f,g) 

Struthers Wells Corp., NY (a,f,g,h) 

Sylvania Electric Products, 
Inc., Parts Div., Pa 

(b,c,f,g) 

Texas Foundries, Inc., Tex (g) 

Thompson Pipe & Steel Co., Colo 
(a,b,c,d,e,9,h) 

Thys Co., Calif (g) 

Toledo Stamping & Mfg. Co., Ohio 
(g) 

Torngren, C.W. Co., Inc., Mass (a,b, 
c,f,g,h) 

Trane Co., Wis (g) 

Trojan Steel Co., W.Va (gq) 

Union Iron Works, Wash (g) 

Union Tank Car Co., Ill (a,f,g) 

United Shoe Machinery Corp., Mass 
(a,b,c,e,f,g) 

U.S. Steel Corp., Oil Well Supply 
Div., Tex (g) 

U.S. Valve & Mfg. Co., Calif (g) 

Variety Stamping Corp., Ohio (c,g) 

Victor Steel Products Corp., NY (g) 

Vulcan Mfg., Ohio (a,b,c,e,f,g,h) 

Wal-Mar Corp., Ill (a,c,e,g) 

Ward, H.H. Co., Pa (a,b,c,f,9,i) 

Warren Brothers Roads Co., Mass (a, 
c,d,e,f,9,j) 

Waterman Industries, Inc., Calif (a, 
g) 

Wellman Engineering Co., Ohio (g) 

Werner, R.D. Co., Inc., NY 
—Ad p 346 

West Point Foundry & Machine Co., 
Ga (c) 

Western Foundry & Machine Works, 
Inc., Kan (g) 

Whyte, Oliver Co., Inc., NY (a,c,g) 
Wickwire Spencer Steel Div., Colorado 
Fuel & Iron Corp., NY (a,b,c,f,9) 
Wilder Mfg. Co., Inc., Calif (c,g) 
Willamette Iron and Steel Co., Ore 
(f,9) 

Wisconsin Centrifugal Foundry, Inc., 
Wis (b) 

Woolf Aircraft Products, Inc., Mich 
(a,c,9) 

Wyatt Metal & Boiler Works, Inc., 
Tex (a,b,c,e,f,g) 

Youngstown Kitchens Div., American 
Standard Co., Ohio (a,g) 
Youngstown Welding & Engineering 
Co., Ohio (a,f,h) 


Wire 

Abalon Precision Mfg. Corp., NY (a, 
b,c,g) 

Ace Wire Spring & Form Co., Inc., 
Pa (g) 

Acme Stamping & Mfg. Co., Pa (a, 


b,g) 
Acme Steel Products Div., Acme Steel 
Co., Ill (9) 
Alabama Wire Co., Inc., Ala (a) 
Allegheny Ludium Steel 
Corp., Pa 
(g) 


All-State Welding Alloys Co., Inc., 
NY (a,b,e,f,9,)) 

Almco Steel Products Corp., Ind (g) 

Alofs Mfg. Co., Mich (a,g) 

Alpha Wire Corp., NY (b) 

Aluminum Co. of America, Pa 
(a) 

American Brass Co., Conn (b) 

American Chain & Cable Co., Pa (g) 

American Electric Cable Co., Mass (b, 
c,9) 

American Nickel Alloy Mfg. Corp., 
NY (f) 

American Reed Co., Inc., Mass (c) 

American Sheet Metal Works, Inc., 
Conn (a,b,g9) 
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American Smelting & Refining Co., 
NY (d) 


American Steel & Wire Div., U.S. 
Steel Corp., Ohio (b,g) 

Ampco Metal, Inc., Wis (b) 
Anchor Drawn Steel Co., Div. of 


Vanadium-Alloys Stee! Co., Pa (g) 
Arcos Corp., Pa (a,f) 
Armco Steel Corp., Ohio (g) 


Associated Spring Corp., 
Wallace Barnes Steel Div., 
Conn 
(g) 

Athenia Steel Div., 
ard Co., NJ (9) 

Atlantic Bag Co., NY (g) 

Atlantic Steel Co., Ga (g) 

Belmont Smeiting & Refining 
Works, Inc., NY 


National-Stand- 


(d,j) 
Bethiehem Steel Co., Pa (c,g) 
Bishop, J. & Co. Platinum 
Works, Stainless Steel 
Products Div., Pa 
(fh—Ad p 342 


Bridgeport Brass Co., Conn (a,b) 

Bristol Brass Corp., Conn (b) 

Budek & Bock Spring Mfg. Co., Ill 
(a,b,g) 

Cambridge Wire Cloth Co., Md (a,b, 
c,e,f,g,h) 

Carol Cable Co., Div. 
Co., Inc., RI (b) 

Carpenter Steel Co., Pa (g) 

Chase Brass & Copper Co., Conn (b) 

Cincinnati Pump & Mfg. Co., Inc., 
Ohio (g) 

Clendenin Bros., Inc., Md (a,b) 

Colonial Alloys Co., Pa (a) 

Colonial Steel Div., Vanadium-Alloys 
Steel Co., Pa (c,g) 

Colorado Fuel and Iron Corp., Colo 
(g) 

Colorado Fuel & Iron Corp., Pacific 
Coast Div., Calif (g) 

Comerford Mfg. Co., Inc., Conn (a,b, 
c,e,f,9,h,J) 

Continental Steel Corp., Ind (g) 

Copper and Brass Sales, Inc., Mich 
(a,b,e) 

Crown Metal Co., Wis (d) 

Crucible Steel Co. of America, Pa 
(f,9,h) 

Crucible Steel Co. of America, Tita- 
nium & Vacuum Metal Products 
Div., Pa (h) 

Curtiss-Wright Corp., Metals 
Processing Div., NY 
(g)—Ad p 364 

Dare Products, Inc., Mich (b,g) 

Detroit Steel Corp., Portsmouth Div., 
Mich (g) 

Division Lead Co., Ill (d) 

Dow Chemical Co., Magnesium Div., 
Mich (e) 

Driver, 
(b,f) 

Driver-Harris Co., NJ (f) 

Eaton Mfg. Co., Reliance Div., Ohio 
(a,b,e,9) 

Edgcomb Steel & Aluminum 
Corp., NJ 
(a,g) 

Electric Auto-Lite Co., Ohio (a,b) 

Electric Steel Foundry Co., Ore (g) 

Electronic Parts Mfg. Co., NJ (b,f) 

Elgin National Watch Co., Ill (f) 

Empire Metal Co., NY (d) 

= Precision Wire Corp., Pa (b, 
9) 

Essex Wire Corp., Magnet Wire Div., 
Ind (b) 

— » Peter A. & Co., Inc., 


of Crescent 


Wilbur B. Co., NJ 


(a,g) 
Froman Orban Co., Inc., NY (a) 
General Alloys Co., Mass (a,b,f,g) 





Suppliers of Materials 


General Cable Corp., NY (a,b) 
General Findings & Supply Co., In- 
dustrial Div., Mass (a,b,c,f,g) 

Greene, G.G. Corp., Pa (g) 
Hawkridge Bros. Co., Mass (a,h) 
Hayden Wire Works, Inc., Mass (a, 
b,c,d,f,9,j) 
Hazledine, E.T. Co., Ind (g) 
Hi-Grade Alloy Corp., Ill (d) 
Hoskins Mfg. Co., Mich (f) 
Hudson Wire Co., NY (b) 
Indiana Steel & Wire Co., Inc., Ind 
(g) 
indium Corp. of America, NY 
(d) 
international Nickel Co., Inc., 
NY 
(f) 
Jarco Metal Products, NY (9) 
Jelliff, C.0. Mfg. Corp., Conn (f) 
Johnson Steel and Wire Co., Inc., 
Mass (g) 
Jones & Laughlin Steel Corp., Pa (g) 
Kaiser Aluminum & Chemical 
Sales, Inc., Ill 
(a) 
Kanthal Corp., Conn (c,f) 
Keystone Steel & Wire Co., Ill (g) 
Laclede Steel Co., Mo (g) 
Langsenkamp, F.H. Co., Ind (b) 
La Salle Steel Co., Mo (g) 
Leach & Garner Co., Mass (b,f) 
Lincoln Steel Corp., Neb (g) 
Little Falls Alloys, Inc., NJ (a,b,h) 
Macwhyte Co., Wis (g) 
Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (a,b,e,g) 


Mallory - Sharon Titanium 
Corp., Ohio 
(h) 

Manganese Steel Forge Co., Pa (g) 

Matthiessen & Hegeler Zinc Co., Ill 
(j) 

Meico Wire Products, Calif (a) 

Metal Goods Corp., Mo (a,b,f) 

Metallizing Co. of Los Angeles, Inc., 
Calif (a,b,c,d,f,9,)) 

Mid-States Steel & Wire Co., Ind 
(g) 

Mid-West Wire Products Co., 
Mich (g) 

National Electric Products Corp., Pa 
(a) 

National Lead Co., NY (d,h) 

National Lock Washer Co., NJ (g) 

National Standard Div., National- 
Standard Co., Mich (g) 

National-Standard Co., Mich (a,9,h) 

Nesor Alloy Products Co., NJ (a,b,c, 
d,f,9,)) 

New England Electrical Works, Inc., 
NH (b) 

Nichols Wire & Aluminum Co., Iowa 
(a) 

Northwestern Steel & Wire Co., Ill 
(g) 

Olin Mathieson Chemical Corp., Alu- 
minum Div., NY (a) 

Page Steel & Wire Div., American 
Chain & Cable Co., Inc., Pa (g) 

Parker Metal Goods Co., Mass (a,b,c, 
9) 

Philadelphia Steel & Wire Corp., Pa 
(g) 

Pittsburgh Steel Co., Pa (g) 

Republic Steel Corp., Ohio 
(g) 

Reynolds Metals Co., Va (a) 

Riverside-Alloy Metal Div., H. K. Por- 
ter Co., Inc., NJ (b,f,g) 

Roebling’s, John A. Sons Corp. NJ 
(a,b,9) 

Rolled Alloys, Inc., Mich (f) 

Rolock, Inc., Conn (f) 

Ryerson, Joseph T. & Son, Inc., Ill 


(a,g) 
ae Steel, Inc., NJ 
9 


Inc., 





Scovill Mfg. Co., Mill Prod- 
ucts Div., Conn 
(a,b) 
Seneca Wire & Mfg. Co., Ohio (g) 
Sharpsville Steel Fabricators, Inc., Pa 
(g) 
Sherman & Reilly, Inc., Tenn (g) 
Simonsen Metal Products Co., Ill (a) 
South River Metal Products Co., Inc., 
NJ (a) 
Southern Metal Products Co., La (g) 
Standard Metals Corp., Mass (b,f) 
Star Heel Plate Co., Inc., NJ (a,b,9) 
Stulz-Sickles Co., NJ (g) 
Surprenant Mfg. Co., Mass (b) 


Sylvania Electric Products, 
Inc., Parts Div., Pa 
(b,c,f,g)—Ad p 349 

Techalloy Co., Inc., Pa (f,g,h) 

Titan Metal Mfg. Co., Pa (b) 

Triangle Conduit & Cable Co., Inc., 
NJ (a,b) 

Tyler, W.S. Co., Ohio (a,b,f,g) 

U.S. Steel Corp., Pa 
(g) 

United Wire & Supply Corp., RI (a, 
b) 

Uniworld Research Corp. of America, 
Ohio (c) 

Utility Mfg. Co., Mass (a,b,g) 

Vanadium-Alloys Steel Co., Pa (c,9) 


Wal-Mar Corp., Ill (a,b,c,e,9) 
Washburn Wire Corp., Phillipsdale 
Div., RI (g) 


Washington Mfg. Co., Inc., Iowa (9) 

Wesco Spring Co., Ill (g) 

White Metal Rolling & Stamping Co., 
NY (a,e) 

Whitehead Metal Products Co., Inc., 
NY (a,b,f,g) 

Whyte, Oliver Co., Inc., NY (a,g) 

Wickwire Brothers, Inc., NY (g) 

Wilson Steel & Wire Co., Ill (g) 

Worcester Wire Works Div., National- 
Standard Co., Mass (9,h) 

Youngstown Sheet and Tube Co., Ohio 
(9) 


Wire Cloth 


(incl. parts) 
Alabama Wire Co., 
American Brass Co., 

conda Co., NY (b) 
American Sheet Metal Works, 

Conn (a,b,g) 

Biersach & Niedermeyer Co., Wis (a, 

9) 


Ala (a) 
of Ana- 


Inc., 
Sub. 


Inc., 


Buffalo Wire Works Co., Inc., NY 
(a,b,c,f,9) 

Cambridge Wire Cloth Co., Md (a,b, 
c,d,f,9,h,j) 


Cleveland Wire Cloth & Mfg. Co., 
Ohio (a,b,c,f,9,h,j) 

Cole-Roscoe Mfg. Co., Conn (b,f) 
Colorado Fuel & Iron Corp., Pacific 
Coast Div., Calif (9) 

Electric Steel Foundry Co., Ore (g) 
General Alloys Co., Mass (f) 
General Cable Corp., NY (a,b) 
Gilbert & Bennett Mfg. Co., Conn 
(a,9) 

Green Bay Foundry & 
Works, Wis (b,f) 
Jelliff, C.0. Mfg. Corp., Conn (a,b,c, 


Machine 


f,g) 
Johnston & Funk Titanium Corp., 
Ohio (g,h) 


Kenmore Machine Products, Inc., NY 
(f) 

Manganese Steel Forge Co., Pa (a,b,c, 
f) 

Metal Goods Corp., Mo (g) 

Michigan Wire Cloth Co., Mich (a, 
b,f,9) 

Mid-States Steel & Wire Co., Ind 
(g) 
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National-Standard Co., Mich (a,b,c f, 
9,h) 

Newark Wire Cloth Co., NJ (a,b,c f 
g,h) . 

Pequot Wire Cloth Co., Div. of Huyg- 
son Wire Co., Conn (a,b,f,g) 

Reynolds Wire Div., National-Stand- 
ard Co., Ill (a,b,c,d,f,9,h,j) 

Rolock, Inc., Conn (a,b,f,g) 

Rotometals, Calif (a,f) 

Sherman & Reilly, Inc., Tenn (g) 

Star Heel Plate Co., Inc., NJ (g) 

Star Wire Screen & Iron Works, Inc., 
Calif (a,b,c,f,g) 

Tyler, W.S. Co., Ohio (a,b,c,f,9) 

Uniworld Research Corp. of America, 
Ohio (c) 

Wesbar Stamping Corp., Wis (c,g) 

Whitehead Metal Products Co., Inc., 
NY (a,b,f) 

Wickwire Bros., Inc., NY (a,b,9) 

Wright, G.F. Steel & Wire Co., Mass 
(a,b,f,g) 


Wire Forms and 
Parts 


(except cloth) 

Abalon Precision Mfg. Corp., NY (a, 
b,c,9) 

Ace Wire Spring & Form Co., Inc., 
Pa (g) 

Acme Stamping & Mfg. Co., Pa. (a,b, 
9) 

All-Form Metal 
(a,b,c,f,9) 

Alox Mfg. Co., Mo (a,b,c,f,g) 

Aluminum Co. of America, Pa 
(a) 

American Mfg. Co., Tenn (a,g) 

American Reed Co., Inc., Mass (c) 

American Steel & Wire Div., U.S. 
Steel Corp., Ohio (g) 

Anthes Force Oiler Co., Iowa (g) 

Armco Steel Corp., Ohio (g) 

Art Wire & Stamping Co., NJ 
(a,b,c,e,f,9,h,)) 

Associated Spring Corp., 
Wallace Barnes Steel Div., 
Conn 


Products Co., Ohio 


(g) 

Automotive Rubber Co., Inc., Mich (f, 
9) 

Bethlehem Steel Co., Pa (c,g) 


Blacher Bros., Inc., RI (b,9) 

Blaco Mfg. Co., Ohio (9) 

Budek & Bock Spring Mfg. Co., II! 
(a,b,g) 

Buffalo Wire Works Co., NY (a,b,f,9) 

Cambridge Wire Cloth Co., Md (a,b, 
f,g) 

Carpenter Steel Co., Pa (g) 


Cartwright, R. Tube Products Co., 
Mich (b) 

Cincinnati Pump & Mfg. Co., Inc., 
Ohio (g) 

Clendenin Bros. Inc., Md (a,b,9) 

Cleveland Metal Products Co., Ohio 
(a,b,f,9) 


Cleveland Wire Spring Co., Mo (9) 

Colorado Fuel and Iron Corp., Colo 
(g) 

Colorado Fuel & Iron Corp., Pacific 
Coast Div., Calif (g) 

Columbus Dental Mfg. Co., Ohio (9) 

Comerford Mfg. Co., Inc., Conn (a,b, 
c,e,f,9) 

Dare Products, Inc., Mich (g) 

Eastern Tool & Mfg. Co., NJ (a,b,9) 

Electronic Parts Mfg. Co., Inc., NJ 
(b,f) 

Elgin National Watch Co., Ill (f) 

Empire Spring Co., Ohio (9) 

Farwell Metal Fabricating, Minn (a, 
b,c,e,f,g) 

Figley Die & Stamping Co., Ohio (9) 

Fryling Mfg. Co., Pa (a,b,c,9) 

General Alloys Co., Mass (a,b,f,9) 

General Cable Corp., NY (a) 

General Findings & Supply Co., In- 
dustrial Div., Mass (a,b,c,f,9) 




































































Grammes, L.F. & Sons, Inc., Pa (a, 
b,9) 

Greene, G.G. Corp., Pa (g) 

Hayden Wire Works, Inc., Mass (g) 

Hodges, William & Co., Inc., Pa (g) 

Hunter Spring Co., Pa (g) 

industrial Precision Products, Ill (a, 
b,c,e,f,9,h,)) 

Irvington Form & Tank Corp., NY (g) 

Judd Industries, Inc., Ohio (a,g) 

King Laboratories, Inc., NY (a,f,g) 

Laclede Steel Co., Mo (g) 

Larkin Specialty Mfg. Co., Calif (a, 
b,f,9) 

Leach & Garner Co., Industrial Div., 
Mass (a,b,f) 

Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (a,b,e,g) 

Melco Wire Products, Calif (a) 

Metal Textile Corp., NJ (a,b,f,9) 

Michigan Wire Cloth Co., Mich (a,b, 
f,g) 

Mid-West Wire Products Co., Inc., 
Mich (g) 

Morse, Fred W. Co., RI (a,b,9) 

Newark Wire Cloth Co., NJ (a,b,f,g) 

Northwestern Steel & Wire Co., Ill 
(g) 

Ormond Mfg. Co., Inc., NJ (a,b,c,f, 


g,h) 

Parker Metal Goods Co., Mass (a,b,c, 
g) 

Penrod, Floyd & Sons Tool & Engi- 
neering Corp., Ind (g) 

Pittsburgh Steel Co., Pa (g) 
Reliable Spring & Wire Forms Co., 
Ohio (a,b,e,f) 

Republic Steel Corp., Ohto (g) 
Reynolds Wire Div., National-Standard 
Co., Ill (a,b,e,f) 

Riverside-Alloy Metal Div., H. K. 
Porter Co., Inc., NJ (b,f,9) 
Robertson Steel & Iron Co., Ohio (a, 
b,g) 

Rockford Bolt & Steel Co., Ill (g) 
Roebling’s, John A. Sons Corp., NJ 
(g) 

Rolock Inc., Conn (a,b,f,g) 

Scovill Mfg. Co., Mill Prod- 
ucts Div., Conn 
(a,b,c, f,g) 

Servwell Products Co., Ohio (f) 
Simonsen Metal Products Co., Ili (a) 
Star Heel Plate Co., Inc., NJ (g) 
Steel Heddle Mfg. Co., Pa (a,b,c,e,f, 
9) 

Sylvania Electric Products, 
inc, Parts Div., Pa 
(a,b,c,d,f,g) 

Titchener, E.H. & Co., NY (a) 
Turner & Seymour Mfg. Co., Conn (a, 
b,g) 

Wal-Mar Corp., Ill (a,b,c,g) 

Ward, H.H. Co., Pa (a,b,c,f,9,j) 
Waterbury Buckle Co., Conn (a,b,g) 
Wesco Spring Co., Ill (g) 

Whyte, Oliver Co., inc., Mass (g) 
Wilder Mfg. Co., Inc., Calif (a,b,9) 
Wire and Iron Products, Inc., Mich 
(a,b,c, f,g) 

Wood, John Co., Minn (9) 

Worth Co., Wis (a,b,e,9) 


Wood—Balsa 


Balsa Equador Lumber Corp., NY 
Bogert & Hopper, Inc., NY 

Emery, George D. Co., NY 

General Veneer Mfg. Co., Calif 
International Balsa Corp., NJ 
Luthi, F. C. & Co., La 

Monteath, J.H. Co., NY 

Pollack, Robert Co., Calif 

Sterling Models, Pa 

Testor Chemical Co., Ill 





Wood—Composi- 
tion Board 


Allied Chemical Corp., Plastic & Coal 
Chemicals Div., NY 

Artyle Industries, Inc., Ohio 

Balsa Equador Lumber Corp., NY 

Gamble Brothers, Inc., Special Prod- 
ucts Div., Ky 

Georgia-Pacific Corp., Ore 

Hardboard Div., Evans Products Co., 
Ore 

Long-Bell Div., International Paper 
Co., Wash 

Masonite Corp., Ill 

National Starch Products, Inc., Struc- 
tural Products Div., NY 

Reynolds Aluminum Supply Co., Ga 

Roddis Plywood Corp., Wis 

U. S. Gypsum Co., Ill 

Wal-Mar Corp., Ill 

Weyerhaeuser Sales Co., Special Prod- 
ucts Div., Wash 


Wood—Iimpreg- 
nated and/or 
Compressed 


Everlite Corp., Wash 

Fibron Products, Inc., NY 

Formica Corp., Sub. of American 
Cyanamid Co., Ohio 

Gamble Brothers, Inc., Special Prod- 
ucts Div., Ky 

Georgia-Pacific Corp., Ore 

Hardboard Div., Evans Products Co., 
Ore 

Micarta Div., Westinghouse Electric 
Corp., SC 

Parkwood Laminates, Inc., Mass 

Technical Plywood Sales, Ill 

Weyerhaeuser Sales Co., Special Prod- 
ucts Div., Wash 

Wood Conversion Co., Minn 


Wood—Lignum 
Vitae 


Lignum-Vitae Products Corp., NJ 


Wood—Piywood 


American Plywood Div., Curtis Cos., 
Inc., Wis 

Artyle Industries, Inc., Ohio 

Balsa Equador Lumber Corp., NY 

Darlington Veneer Co., SC 

Delta Plywood Corp., Ark 

Gamble Brothers, Inc., Ky 

Georgia-Pacific Corp., Ore 

Long-Bell Div., International Paper 
Co., Wash 

Nu-Ply Corp., Minn 

Pilgrim Plywood Corp., Vt 

Puget Sound Plywood, Inc., Wash 

Reynolds Aluminum Supply Co., Ga 

Roddis Plywood Corp., Wis 

Technical Plywood Sales, III 

Timber Products Co., Ore 

U. S. Plywood Corp., NY 


Wool Felts 


(see Felts) 


Wrought Iron 


(see Iron) 





Zinc and Its Alloys 


A & A Die Casting Co., Calif (q) 
Advance Stamping Co., Mich (dd) 
Alpha Metals, Inc., NJ (vy) 
American Metal Climax, Inc., 
NY 
(o,w) 


American Nickel Alloy Mfg. Corp., NY 
(q,w) 

American Sheet Metal Works, Inc., 
Conn (cc) 

American Silver Co., NY (v,dd) 

American Smelting & Refining Co., NY 
(n,v,w) 

American Zinc Sales Co., Mo (n,0, 
q,W,z,cc) 

Anchor Metal Co., Inc., NY (w) 

Apex Smelting Co., Ill (w) 

Belmont Smelting & Refining 
Works, Inc., NY 
(n,0,V,w,z,aa,bb,cc,dd,ff)—Ad p 130 

Bunker Hill Co., Calif (n,o,cc,dd) 

Cerro de Pasco Sales Corp., 
NY 
(w) 


Chicago Smelting & Refining Corp., 
Til (w) 

Clark Perforating Co., Mich (cc) 

Crown Non-Ferrous Foundry, Inc., Pa 
(w) 

Dahlin, C.A. Co., Ill (cc,ee) 

Dixon Sintaloy, Inc., Conn (0) 

Duane Specialties, Ltd., NJ (w) 

Eagle-Picher Co., Ohio (9,aa) 

Empire Metal Co., NY (n,0,q,v,w,z, 
bb,cc,dd, ff) 

Fox Products Co., Pa (n) 

General Smelting Co., Pa (n,w,aa) 

Hardy, Charles, Inc., NY (aa) 

Harshaw Chemical Co., Ohio (n) 

Hayden Wire Works, Inc., Mass (ff) 

Hi-Grade Alloy Corp., Ill (n,o) 

Hodgson Foundry Co., Ill (n) 

Hull, R.O. & Co., Inc., Ohio (n) 

Illinois Smelting & Refining Co., Ill 
(0,w,z,aa,bb,cc,dd) 

Illinois Zinc Co., Div. of Hydro- 
metals, Inc., Ill (w,z,bb,cc,dd) 

Jordan Co., Ill (w) 

Kirk, Morris P. & Son, Calif (n) 

Lavin, R. & Sons, Inc., Ill (n,w) 

Matthiessen & Hegeler Zinc Co., Ill 
(n,0,q,¥,W,z,aa,bb,cc,dd) 

McGean Chemical Co., Ohio (n,aa) 

Metallizing Engineering Co., 
inc., NY 
(ff) 


Metallizing Co. of Los Angeles, Inc., 
Calif (ff) 

Metals Disintegrating Co., Inc., NJ 
(aa) 

Modern Plating Corp., Ill (n) 

National Galvanizing Co., Pa (w) 

National Lead Co., NY (n,0,q,w,z,bb, 
cc,dd,ee) 

Nesor Alloy Products Co., NJ (ff) 

New England Smelting Works, Inc., 
Mass (0,w) 

New Jersey Metals Co., NJ (n) 

New Jersey Zinc Co., NY 
(n,w,z,aa,dd) 

Niagara Falls Smelting & Refining 
Div., Continental Copper & Steel 
Industries, Inc., NY (v,w) 

Peerless Alloy Co., Colo (o,w) 

Pittsburgh Smelting & Refining Co., 
Pa (w) 

Republic Metals Co., Inc., NY (n,0, 
w) 

Rotometals, Calif (n,o,w,aa,bb,cc,dd, ff) 

St. Joseph Lead Co., NY (w) 

Sall, George Metals Co., Inc., Pa 
(n,w) 





Security Sash & Screen Co., Mich 
(cc) 

Seymour Mfg. Co., Conn 
(n) 


Stevens, Frederic B., Inc., Mich (n) 

Udylite Corp., Mich (n) 

U. S. Reduction Co., Ind (w) 

U. S. Smelting, Refining & Mining Co. 
NY (w) 

Wall Colmonoy Corp., Mich (aa) 

White Metal Rolling & Stamping Co., 
NY (0,bb,ff) 


Zirconium and its 
Alleys 


Allegheny 
Corp., Pa 
(0,q,V,w,z,bb,cc,dd,ee, ff) 

Alloy Tube Div., Carpenter Steel Co., 
NY (ee) 

American Silver Co., NY (v,dd) 

Babcock & Wilcox Co., Tubular Prod- 
ucts Div., Pa (ee) 

Belmont Smelting & Refining Works, 
Inc., NY (aa) 

Bridgeport Brass Co., Conn (o0,bb,ee) 

Carborundum Co., NY 
(w) 

Carborundum Metals Co., NY (0,4,v, 
w,z,bb,cc,dd,ee, ff) 

Chase Brass & Copper Co., Conn (o, 
bb) > 
Columbia National Corp., Mass (w) 

Damascus Tube Co., Pa 
(ee)—Ad p 351 


Electric Steel Foundry Co., Ore (o, 
q,w,bb,ee) 

Firth Sterling Inc., Pa (0,q,w,bb,dd) 

Foote Mineral Co., Pa (0,v,aa,bb,cc, 
ff) 

Hamilton Watch Co., Precision Metals 
Div., Pa (v,bb,cc,ff) 

Hardy, Charles, Inc., NY (aa) 

Harvey Aluminum Div., Harvey Machine 
Co., Inc., Calif (0,q,w,bb) 

Hayden Wire Works, Inc. Mass (aa) 

Johnston & Funk Titanium Corp., Ohio 
(bb, ff) 

King Laboratories, Inc., NY (aa) 
Makepeace, D.E. Div., Engelhard In- 
dustries, Inc., Mass (a,dd,ee,ff) 
Maliory-Sharon Metals Corp., 

Ohio 
(0,q,v,w,z,bb,cc, dd, ee, ff) 

Metal Hydrides, Inc., Mass (aa) 

Metallizing Co. of Los Angeles, Inc., 
Calif (cc, ff) 

Metals & Controls Corp., Mass (v,cc, 
dd,ee, ff) 

Michigan Seamless Tube Co., Mich 
(ee) 

National Lead Co., NY (0,q,w,z,bb,cc, 
dd) 

Niagara Falls Smelting & Refining 
Div., Continental Copper & Steel 
Industries, Inc., NY (w) 

Oregon Metallurgical Corp., Ore (o, 
q,w) 

Republic Steel Corp., Steel & Tubes 
Div., Ohio (ee) 

Superior Steel Corp., Pa (dd) 

Superior Tube Co., Pa (ee) 

Tube Reducing Corp., NJ (ee) 

U. S. Industrial Chemicals Co., Div. 
National Distillers & Chemical 
Corp., NY (w) 

Wah Chang Corp., NY (w) 

Westinghouse Electric Corp., Materi- 
als Mfg. Dept., Pa (0,q,w,z,bb,cc, 
dd,ee) 

Zirconium Metals Corp., Sub. of Na- 
tional Lead Co., NY 


Ludium Steel 


Addresses of 


MATERIALS SELECTOR ISSUE, 1958-59 « 459 

















Suppliers——p 





























A & A Die Casting Co., 12901 S 
Western Ave., Gardena, Calif: 
ACF Industries, Inc., 30 Church St., 

New York 8, N.Y. 

American Car & Foundry Div., 750 
3d Ave., New York 17, N.Y. 
aaRBee Plastic Co., 4505 W Jefferson 

Bivd., Los Angeles 16, Calif. 

Abalon Precision Mfg. Corp., 540 
Casanova St., New York 59, N.Y. 

Abbott Ball Co., 1074 New Britain 
Ave., Hartford 10, Conn. 

Abbott Products, Inc., 150-50 12th 
Ave., Whitestone 57, N.Y. 

Abco Aluminum & Brass Works, 5235 
Griggs Rd., Houston 21, Tex. 

Abegg & Reinhold Co., 2533 E 26th 
St., Los Angeles 58, Calif. 

Able Tool & Engineering Co., 865 N 
Sangamon St., Chicago 22, Ill. 

Accurate Brass Corp., 88th St. & 73rd 
Ave., Glendale, L.I., N.Y. 

Accurate Metal Weather Strip Co., 
Inc., 725 S Fulton Ave., Mt. Ver- 
non, N.Y. 

Accurate Molding Corp., 35-20 48th 
Ave., Long Island City 1, N.Y. 

Ace Metal Spinning, 4922 S Western 
Ave., Chicago 9, Ill. 

Ace Plastic Co., 91-30 Van Wyck 
Expy., Jamaica 35, N.Y. 

Ace Wire Spring & Form Co., Inc., 
Tunnel Way, McKees Rocks, Pa. 
Ackermann Mfg. Co., 1134-40 Market 

St., Wheeling, W. Va. 

Acme Aluminum Foundry Co., 6831 S 
Bell Ave., Chicago, Ill. 

Acme Foundry & Machine Co., Coffey- 
ville, Kan. 

Acme Foundry & Machine Co., 400 E 
Erisco, Blackwell, Okla. 

Acme Galvanizing Co., 1733 17th St., 
Oakland 7, Calif. 

Acme Mfg. & Gasket Co., 738-40 N 
4lst St., Philadelphia 4, Pa. 

Acme Metal Spinning, Inc., 98 43rd 
Ave., NE, Minneapolis 21, Minn. 

Acme Plating Co., 1563 E 21st St., 
Cleveland 14, Ohio 

Acme Precision Products, Inc., 215 N 
Findlay St., Dayton 3, Ohio 

Acme Resin Corp., 1401 Circle Ave., 
Forest Park, Iil. 

Acme Specialties, Inc., 4326 WN 
American St., Philadelphia 40, Pa. 

Acme Stamping & Mfg. Co., 201-209 
Corliss St., Pittsburgh 20, Pa. 

Acme Steel Co., Acme Steel Products 
Div., 135th St. & Perry Ave., 
Chicago 27, Iil. 

Acme Steel & Malleable Iron Works, 
Buffalo 7, N.Y. 

Acme Tube, Inc., 212 Coit St., Irving- 
ton 11, N.J. 

Acme-Newport Steel Co., 9th & Lowell 
Sts., Newport, Ky. 

Acorn Sheet Metal Mfg. Co., Inc., 
4605 W 2ist St., Chicago 50, Ill. 

Acro Metal Stamping Co., 332 E 
Reservoir, Milwaukee 12, Wis. 

Acushnet Process Co., 

P 220) 

Belleville Ave., New Bedford, Mass. 


(Ad 





Adamas Carbide Corp., 
Kenilworth, N.J. 

Adams Engineering Co., Inc., 19300 
Biscayne Bivd., Miami, Fla. 

Adams, I. G., Metalware Co., 2947 
Delmar Pl., St. Louis, Mo. 

Adams Plastic Products, Finlay & 
Providence Sts., Cincinnati, Ohio 
Adhesive Products Corp., 1660 Boone 

Ave., New York 60, N.Y. 

Adirondack Foundries & Steel, Inc., 
Watervliet, N.Y. 

Admiral Corp., Molded Prods. Div., 
P.0. Box 338, West Chicago, III. 
Advance Aluminum Castings Corp., 
2742 W 36th Place, Chicago 32, 

Ill. 

Advance Foundry Co., 107 Seminary 
Ave., Dayton, Ohio 

Advance Galvanizing Co., 5232 Alcoa 
Ave., Los Angeles 58, Calif. 

Advance Pressure Castings, Inc., 20 
Wythe Ave., Brooklyn 11, N.Y. 

Advance Screw Products Co., Inc., 
3767 S Kinnickinnic Ave., Milwau- 
kee 7, Wis. 

Advance Stamping Co., 12025 Dixie 
Ave., Detroit 39, Mich. 

Advance Tool & Die Casting Co., 3760 
N Holton St., Milwaukee 12, Wis. 

Aelco Foundries, Inc., 1980 S 4th 
St., Milwaukee 4, Wis. 

Aero Screw Co., Inc., Wilmington Rd., 
Burlington, Wis. 

Aerolite Electronics Corp., 507 26th 
St., Union City, N.J. 

Aerolite Extrusion Co., 
Park, Youngstown, Ohio 

Aetna Felt Co., Inc., 204 Centre St., 
New York 13, N.Y. 

Aetna Steel Co., P.O. Box 2090, 
Jacksonville 3, Fla. 

Affiliated Screw Products Co., 757 W 
Waveland Ave., Chicago 18, Il. 
Air Reduction Co., Inc., 150 E 42nd 

St., New York 17, N.Y. 

Air Reduction Sales Co., 150 E 
42nd St., New York 17, N.Y. 
Colton Chemical Co., 1747 Chester 

Ave., Cleveland 14, Ohio 

Aircraft Screw Machine Products Co., 
3521 N Halsted St., Chicago 13, 
ll. 

Akron Standard Mold Co., Lecromeit 
Casting Div., Houston St., Bar- 
berton, Ohio 

Alabama Wire Co., Inc., Terrace St., 
Florence, Ala. 

Aladdin Products Co., 26-04 Borough 
Pi., Woodside 77, N.Y. 

Alan Wood Steel Co., Wood Rd., 
Conshohocken, Pa. 

Albany Car Wheel Co., Inc., 185 
Broadway, Menends, N.Y. 

Albany Novelty Mfg. Co., 107 W 
Canton St., Boston 18, Mass. 

Albany Products Co., Inc., Connecticut 
Ave., South Norwalk, Conn. 

Albert Lea Foundry Co., 910 Marshall 
Ave., Albert Lea, Minn. 

Albert Pipe Supply Co., Inc., 8 Berry 

St., Brooklyn 11, N.Y. 
Foundation Div., 101 Varick Ave., 
Brooklyn 37, N.Y. 
Albion Malleable Iron Co., 601 WN 
Albion St., Albion, Mich. 


Market St., 


4605 Lake 
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Addresses of Suppliers 


Albright Son & Co., 123 N Front St., 
Allentown, Pa. 

Alcasco Foundry, 14823 Loomis Ave., 
Harvey, Ill. 

Alco Products, Inc., 30 Church St., 
New York, N.Y. 

Aldan Rubber Co., Tioga & Salmon 
Sts., Philadelphia 34, Pa. 

Alexander Bros. Belting Co., Walnut 
St. & Princess Ave., Camden 3, N.J. 


Alexander, E. P. & Son, Clifton 
Heights, Pa. 

Allegheny Foundry Co., 915 Behan 
St., Pittsburgh 33, Pa. 
Allegheny Ludium Steel 
Corp., (Ad p 80) 


Oliver Bidg., Pittsburgh 22, Pa. 


Allegheny Plastics, Inc., Rt. 51 & 
Thorn Run Rd., Coraopolis, Pa. 
Allen-Stevens Corp., 33-53 62nd St., 

Woodside 77, N.Y. 
All-Form Metal Products Co., 13000 
Athens Ave., Cleveland 7, Ohio 
Allied Chemical Corp., 61 Broadway, 
New York 6, N.Y. 
General Chemical Div., 40 Rector 
St., New York 6, N.Y. 
Plastics & Coal Chemicals Div., 40 
Rector St., New York 6, N.Y. 


Solvay Process Div., (Ad 
Pp 289) 
61 Broadway, New York 6, N.Y. 


Allied Machine Products Co., 6174 
Concord Ave., Detroit 11, Mich. 
Allied Metal Products Co., 81 Pres- 

cott St., Worcester 6, Mass. 
Allied Products Corp., 12677 Burt 
Rd., Detroit 23, Mich. 
Allied Research 
Inc., (Ad p 281) 
4004 W Monument St., Baltimore 5, 
Md. 


Allied Resinous Products, Inc., Clark 
& Whitney Sts., Conneaut, Ohio 
Allied Steel Castings Co., 1225 W 
120th St., Chicago 43, Ill. 

Allied Tube Corp., Bristol & Bath 
Sts., Philadelphia 37, Pa. 

Allis-Chaimers Mfg. Co., 501 N 3rd 
St., La Crosse, Wis. 

Allmetal Screw Products Co., Inc., 
821 Stewart Ave., Garden City, N.Y. 

All-Metals Precision Casting Corp., 
22 School St., Yonkers, N.Y. 

Alloy Cast Steel Co., Rose 
Marion, Ohio 

Alloy Metal Powders, Inc., 238 Eagle 
St., Brooklyn, N.Y. 

Alloy Metal Products Inc., 2333 Rock- 
ingham Rd., Davenport, Iowa 

Alloy Metal Wire Co., Inc., 
Station, Prospect Park, Pa. 

Alloy Precision Castings Co., 3885 W 
150th St., Cleveland 11, Ohio 

Alloy Products Corp., (Ad p 
348) 
1045 Perkins Ave., Waukesha, Wis. 


Alloy Rods Co., Lincoin Highway W, 
York, Pa. 

Alloy Steel Casting Co., County Line 
Rd., Southampton, Pa. 

Alloy Steel & Metals Co., 1848 E 
55th St., Los Angeles 58, Calif. 

Alloys & Chemicals Mfg. Co., Inc., 


Products, 


Ave., 


Moore 










4365 Bradley Rd., 
9, Ohio 

All-State Welding Alloys Co., Inc., 
249 Ferris Ave., White Plains, N.Y. 

Almco Steel Products Corp., Wabash 
Ave., Bluffton, Ind. 

Almont Mfg. Co., 335 E 3rd St., 
Imlay City, Mich. 

Alofs Mfg. Co., 345 32nd St. SW, 
Grand Rapids 8, Mich. 

Alox Mfg. Co., 6160 Maple Ave., St. 


SW, Cleveland 


Louis 14, Mo. 

Alpha Metals, Inc., 56 Water St 
Jersey City, N.J. 

Alphaloy Corp. Div., 2250 S 


Lumber St., Chicago, Ill. 
Alpha Plastics, Inc., 78 Okner Pkwy., 
Livingston, N.J. 
Alpha Wire Corp., 
New York 14, N.Y 
Alpha-Molykote Corp., 
Ave., Stamford, Conn. 
Alsynite Co. of America, 4654 De 
Soto St., San Diego 9, Calif. 
Alton Foundry & Machine Works, Inc. 
226 W Wheeling St., Lancaster 
Ohio 
Aluminium Ltd. Sales, Inc., 630 5th 
Ave., New York 20, N.Y. 
Aluminum Alloys Corp., 6650 W 
Walton Ave., Detroit 10, Mich. 
Aluminum Billets, Inc., 3786 Oak- 
wood Ave., Youngstown, Ohio 
Aluminum Casting & Engineering Co 


200 Varick St 


65 Harvard 


2039 S Lenox St., Milwaukee 7 
Wis. 
Aluminum Co. of America, 
(Ad p 331) 

1501 Alcoa Bidg., Pittsburgh 19 
Pa. 


Aluminum Extrusions, Inc., 815 Shep- 
herd St., Charlotte, Mich. 
Aluminum Finishing Corp., 1012 £ 
21st St., Indianapolis 2, Ind. 
Aluminum Foils Co., P.0. Box 540, 
Jackson, Tenn. 
Aluminum Goods 
Wis. 
Aluminum Industries, Inc., 3670 Werk 
Rd., Cincinnati, Ohio 
Aluminum & Magnesium, 
Huron St., Sandusky, Ohio 
Aluminum Permanent Mold 
Co., (Ad p 354) 
1054 Front Ave., NW, Grand Rapids 
4, Mich. 
Aluminum Specialty Co., 17th & Wall- 
mer Sts., Manitowoc, Wis. 
Amalgamated Stee! Corp., 7835 Broad- 
way Ave., Cleveland 5, Ohio 
Ambassador Plastics & Mfg. Corp., 
308 W Erie, Chicago 10, Ill. 
Ambrit Industries, Inc., 1288 Los 
Angeles St., Glendale 4, Calif. 
Amchem Products, Inc., (Ad 
p 279) 
Ambler, Pa. 
Amco Plastic Pipe Co., 2002 Davis 
St., San Leandro, Calif. 
Amerace Corp., American Hard Rub- 
ber Co., Supplex Co. Div., 225 
North Ave., Garwood, N.J. 


Amerace Corp., American 


Mfg., Manitowoc, 


Inc., 1 





Hard Rubber Co. Div., 
pp 196-7) 
Ace Rd., Butler, N.J. 
Amercoat Corp., 4809 Firestone Bivd., 
South Gate, Calif. 
American Agile Corp., 5461 Dunham 
Rd., Maple Heights, Ohio 
American Aluminum Casting Co., 300 
Coit St., Irvington 11, N.J. 
American Asbestos Textile Corp., 
Stanbridge St., Norristown, Pa. 
American Brake Shoe Co., 530 5th 
Ave., New York 36, N.Y. 
American Brakeblok Div., 900 W 
Maple Rd., Troy, Mich. 
American Manganese Stee! Div., 389 
E 14th St., Chicago Heights, Ill. 
Amforge Div., 155 N Wacker Dr., 
Chicago 6, Ill. 
Brake Shoe & Castings Div., 230 
Park Ave., New York, N.Y. 
Electro-Alloys Div., Taylor St. & 
Abbe Rd., Elyria, Ohio 
National Bearing Div., 717 Grant 
Bidg., Pittsburgh 19, Pa. 
American Brass Co., 2114 Meadow, 
Waterbury 20, Conn. 
American Metal-Hose Div., 698 S 
Main St., Waterbury 20, Conn. 


American Cast Iron Pipe Co., 
(Ad p 329) 
2930 16th St. N, Birmingham, Ala. 
American Chain & Cable Co., Inc., 
Reading, Pa. 
Acco Steel Casting Div., Tulpehock- 
en St., Reading, Pa. 
American Chain Div., 454 E. Prin- 
cess St., York, Pa. 
Page Steel & Wire Div., Box 692, 
Monessen, Pa. 


American Crucible Products 
Co., (Ad p 136) 
1319 Oberlin Ave., Lorain, Ohio 


American Cyanamid Co., 30 Rockefeller 
Plaza, New York 20, N.Y. 
Formica Corp. Sub., 4614 Spring 
Grove Ave., Cincinnati 32, Ohio 
Plastics & Resins Div., 30 Rockefel- 
ler Plaza, New York 20, N.Y. 

American Electric Cable Co., 181 Ap- 
pleton St., Holyoke, Mass. 

American Electrical Products Co., P.O. 
Box 200, 653 Lida St., Mansfield, 
Ohio 

American Emblem Co., Inc., P.O. Box 
116, Utica 1, N.Y. 

American Fabricated Products Co., 
1420 E 20th St., Indianapolis 7, 
Ind. 





(Ad 


American Felt Co., (Ad p 
2458S) 
Glenville, Conn. 


American Forge & Mfg. Co., P.0. Box 
20, McKees Rocks, Pa. 

American Foundries Co., 330 2nd St., 
Milan, Mich. 

American Foundry Co., Inc., 1100 S$ 
Fibles Ave., Indianapolis 21, Ind. 


American Insulator Corp., 
(Ad p 358) 
New Freedom, Pa. 

American Latex Products Corp., 3341 
W El Segundo Bivd., Hawthorne, 


Calif. 
American Laundry Machinery Co., 
Rochester, N.Y. 


American Lava Corp., Steatite Div., 
Cherokee Bivd. & Mfrs. Rd., Chat- 
tanooga 5, Tenn. 

American Light Alloys, Inc., 1265 
McBride Ave., Little Falls, N.J. 
American Machine & Foundry Co., W 
17th St. & Berea Rd., Cleveland 

11, Ohio 
Cleveland Welding Div., W 17th St. 
& Berea Rd., Cleveland 11, Ohio 


American Malleable Castings Co., 
Marion, Ohio 
American Manganese Bronze Co., 


Rhawn & Torresdale Aves., Phila- 
delphia 36, Pa. 





American Mannex Corp., Easton Metal 
Powder Co. Div., 900 Line St., 
Easton, Pa. 

American Mfg. Co., 124 Chestnut, 

Chattanooga 2, Tenn. 


American Metal Climax, Inc., 
(Ad p 132) 

500 5th Ave., New York 36, N.Y. 

American Metal Products Co., Lins- 
dale Ave., Detroit 4, Mich. 

American Metal Products, Inc., 4500 
W Mitchell Ave., Cincinnati 32, 
Ohio 

American Metaseal Corp., 607 65th 
St., West New York, N.J. 

American Molding Co., 2002 Davis 
St., San Leandro, Calif. 

American Molding Powder & Chemical 
Co., 703 Bedford Ave., Brooklyn 8, 
N.Y. 

American Nickel Alloy Mfg. Corp., 30 
Vesey St., New York 7, N.Y. 

American Nickeloid Co., 2nd & West 
Sts., Peru, Ill. 

American Pipe & Construction Co., 
Northwest Div., 518 N E Columbia 
Bivd., Portland 11, Ore. 

American Plastics Corp., 342 Madison 
Ave., New York 17, N.Y. 

American Platinum Works, Newark 5, 
N.J. 

American Potash & Chemical Corp., 
3000 W 6th St., Los Angeles 6, 
Calif. 

American Powdered Metals, Inc., 7-9 
Philip Pl., North Haven, Conn. 
American Products Corp., 422 S Dear- 

born St., Chicago 5, Ill. 

American Products Mfg. Co., Inc., 
8127-33 Oleander St., New Orleans 
18, La. 

American Reed Co., Inc., 2 S Broad- 
way, Lawrence, Mass. 

American Reinforced Plastics Co., 
12827 E Imperial Hwy., Norwalk, 
Conn. 

American Rubber Products Corp., 315 
Brighton St., LaPorte, Ind. 

American Sanitary Mfg. Co., Box 111, 
Abingdon, Ill. 

American Screw Co., W Main St., 
Willimantic, Conn. 

American Screw Products Co., 5943 
Martin Ave., P. 0. Box 96, Detroit 
10, Mich. 

American Sheet Metal Works, Inc., 
16 Jefferson St., Waterbury 20, 
Conn. 

American Silver Co., Inc., 36-07 
Prince St., Flushing 54, N.Y. 

American Sinteel Corp., 1019 Saw 
Mill River Rd., Yonkers, N.Y. 

American Smelting and Refining Co., 
Federated Metals Div., 120 Broad- 
way, New York 5, N.Y. 

American Solder & Flux Co., 19th & 
Willard Sts., Philadelphia 40, Pa. 

American Stamping Co., 26650 Lake- 
land Blivd., Cleveland 32, Ohto 

American Standard Co., Youngstown 
Kitchens Div., Ellsworth Ave., 
Salem, Ohio 

American Steel Foundries, Prudential 
Plaza, Chicago 1, Ill. 

American Steel & Pump Corp., Okla- 
homa Steel Castings Div., 1200 N 
Peoria Ave., Tulsa, Okla. 

American Synthetic Rubber Corp., 500 
5th Ave., New York 36, N.Y. 

American Tape Co., 4058 Beaufait 
Ave., Detroit 7, Mich. 

American Tinning & Galvanizing Co., 
552 W 12th St., Erie, Pa. 

American Valve & Enameling Corp., 
2855 S Holt Rd., Indianapolis 41, 
Ind. 

American Viscose Corp., 1617 Penn- 
sylvania Bivd., Philadelphia 3, Pa. 

American Welding and Mfg. Co., 100 
Dietz Rd., Warren, Ohio 

American Zinc Sales Co., 1522 Paul 
Brown Bidg., St. Louis 1, Mo. 








American-Marietta Co., 101 E Ontarto 
St., Chicago 11, IIl. 
Ames, W. & Co., 417 Communipaw 
Ave., Jersey City 4, N.J. 
Amos-Thompson Corp., Amos Molded 
Plastics Div., Edinburg, Ind. 
Ampco Metal, Inc., 1753 S 38th St., 
Milwaukee 46, Wis. 
Anaconda Co., 25 Broadway, New 
York 4, N.Y. 
American Brass Co., 25 Broadway, 
New York 4, N.Y. 
Anaconda Aluminum Co., 25 Broad- 
way, New York 4, N.Y. 
Cochran Foil Co., 25 Broadway, 
New York 4, N.Y. 
Anchor Hocking Glass Corp., Lancaster, 
Ohio 
Anchor Metal Co., Inc., 966 Meeker 
Ave., Brooklyn 22, N.Y. 
Anchor Metal Spinning Co., 46 Flu- 
hart Ave., Dayton 8, Ohio 


Anchor Plastics Corp. (Ad p 
340) 
36-36 36th St., Long Island City 6, 
N.Y. 


Anderson, O.L. Co., Inc., 1347 E 
Fort St., Detroit 7, Mich. 

Anderson Assoc., Inc., 1702 Wayne 
St., Toledo 1, Ohio 

Anderson-Bolling Mfg. Co., Grand 
Haven, Mich. 

Anesite Co., 3575 Touhy Ave., Chi- 
cago 45, Ill. 

Anthes Force Oiler Co., 20th St. & 
Ave. M, Fort Madison, lowa 

Anti-Corrcsive Meta! Products Co., 
Inc., Castleton-on-Hudson, N.Y. 

Apex Foundry, Inc., 633 Lycaste Ave., 
Detroit 14, Mich. 

Apex Smelting Co., 2537 W Taylor 
St., Chicago 12, III. 

Apex Steel Corp., Ltd, 6920 E 
Slauson, Los Angeles 22, Calif. 
Apollo Metal Works, 6852 S Oak Park 

Ave., Chicago, Ill. 

Appleton Electric Co., 1701 W Well- 
ington Ave., Chicago 13, Ill. 

Applied Instruments, Inc., 25 Will 
PI., Brooklyn 7, N.Y. 

Approved Mfg. Co., Inc., 307990 W 
8th Mile Rd., Farmington, Mich. 
Arabol Mfg. Co., 110 E 42nd St., 

New York 17, N.Y. 

Arbonite Corp., 900 N Main St., 
Doylestown, Pa. 

Archer-Daniels-Midiand Co., 700 In- 
vestors Bldg., Minneapolis, Minn. 

Arcos Corp., 1500 S 60th St., Phila- 
delphia 43, Pa. 

Ar-Dee Screw Products Co., Inc., 
1885 N Clybourn Ave., Worcester 
5, Mass. 

Ardmore Products, Inc., 194 Atlas 
Rd., Kenilworth, N.J. 

Argosy Products, Inc., 7504 Carnegie 
Ave., Cleveland 3, Ohio 

Aries Laboratories, Inc., 45-33 Davis 
St., Long Island City 1, N.Y. 

Arkansas Foundry Co., 1423 E 6th 
St., Box 231, Little Rock, Ark. 

Armco Steel Corp., 703 Curtis St., 

Middletown, Ohio 
Fabricating Div., Middletown, Ohio 
Sheffield Div., Sheffield Sta., Kansas 
City 25, Mo. 

Armet Alloys, Inc., 4338 Bradley Rd., 
Cleveland 9, Ohio 

Armitage, J. L. & Co., 245 Thomas 
St., Newark, N.J. 

Armor Galvanizing Works, Inc., 580 
Market St., San Francisco 4, Calif. 

Armor Metal Products Co., 3408 
Beekman, Cincinnati 23, Ohio 

Armour & Co., Adhesive Div., 1355 
W 31st St., Chicago, Ill. 

Armstrong Cork Co., West Liberty St., 
Lancaster, Pa. 

Armstrong Products Co., P.O. Box 
1-MM, Warsaw, Ind. 

Arneson Foundry Co., 3303 66th St., 
Kenosha, Wis. 

Arnold Engineering Co., P.O. Box G, 





Marenge, Ill. 
Arrow Metal Products Corp., 3rd 
Ave., Haskell, N.J. 
Arrow Sintered Products Co., 1900 S 
Kostner Ave., Chicago 23, Ill. 
Arrowhead Products, 2300 Curry St., 
Long Beach 5, Calif. 

Art Wire & Stamping Co., 
(Ad p 330) 
227 High St., Newark 2, N.J. 

Artex Felt Co., 62 W 39th St., 
New York 18, N.Y. 

Artmor Plastics Corp., 1003 Oldtown 
Rd., Cumberland, Md. 

Artyle Industries, Inc., Box 28, 
Eaton, Ohio 

Arvin Industries, Inc., 13th St., Co- 
lumbus, Ind. 

Arwood Precision Castings Corp., 321 
W 44th St., New York 36, N.Y. 
Arzt, T. L. Foundry Co., 4020 W 
Schubert Ave., Chicago 39, IIl. 
Asbestos Corp. of America, 31 North 

Ave., Garwood, N. J. 

Asbestos Textile Co., Inc., 165 W 
Wacker Drive, Chicago 1, IIl. 
Asco Sintering Corp., 7799 Tele- 
graph Rd., Los Angeles 22, Calif. 
Ashby Mfg. Co., 1601 Woodson Rd., 

St. Louis 11, Mo. 
Asheville-Schoonmaker Mica Co., 900 
Jefferson Ave., Newport News, Va 
Ashland Oil & Refining Co., Valvoline 
Oil Co. Div., 3rd Ave., Freedom, Pa. 
Ashtabula Mfg. Co., W 30th ”St., 
Ashtabula, Ohio ° 
Associated Engineering & Mfg. Corp., 
210 Stonehouse Rd., Glen Ridge, 
N. J. 


Associated Spring Corp., 
Wallace Barnes Steel Div., 
(Ad p 81) 


18 Main St., Bristol, Conn. 

Atlanta Tool Co., 670 Boulevard, NE, 
Atlanta 5, Ohio 

Atlantic Bag Co., 435 S 5th St., 
Brooklyn 11, N.Y. 

Atlantic Brass Works, Inc., 2600 W 
Addison St., Chicago 18, Ill. 

Atlantic Casting Engineering 
Corp., (Ad p 346) 
810 Bloomfield Ave., Clifton, N.J. 

Atlantic Foundry Co., 182 Beaver St., 
Akron 4, Ohio 

Atlantic India Rubber Works, Inc., 
569 W Polk St., Chicago 7, Ill. 

Atlantic Steel Co., P.0. Box 1714, 
Atlanta 1, Ga. 

Atlantic Steel Castings Co., 6th & 
Lioyd Sts., Chester, Pa. 

Atlas Brass Foundry, 1901 Santa Fe 
Ave., Los Angeles 21, Calif. 

Atlas Drop Forge Co., 209 W Mount 
Hope Ave., Lansing, Mich. 

Atias Foundry Co., 3600 W 69th St., 
Cleveland 2, Ohio 

Atlas Foundry & Machine Co., 3012 
S Wilkeson St., Tacoma, Wash. 

Atlas Foundry & Mfg. Co., 3701 Col- 
lins Ave., Richmond, Calif. 

Atlas Galvanizing Co., 2639 Leonis 
Bivd., Los Angeles 11, Calif. 

Atlas Metal Parts Co., 3232 N 31st 
St., Milwaukee 16, Wis. 

Atlas Mineral Products Co., 161 
Weber St., Mertztown, Pa. 

Atlas Powder Co., Chemicals 
Div., (Ad p 203) 
Wilmington 99, Del. 

Atlas Steel Construction Co., 20 Vesey 
St., New York 7, N.Y. 

Auburn Foundry, Inc., W lith St., 
Auburn, Ind. 

Auburn Mfg. Co., 
352) 
20 Stack St., Middletown, Conn. 

Auburn Plastic Engineering, 742 W 
79th St., Chicago 20, Ill. 

Auburn Plastics, Inc., 48 Canoga St., 
Auburn, N.Y. 

Auburn Rubber Co., Inc., W llth St., 
Auburn, Ind. 

Auburn Spark Plug Co., Inc., Special 


(Ad p 
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Addresses of Suppliers 


Products Div., 89 York St., Auburn, 

N.Y. 

Auel Industries, Herminie, Pa. 

Auld, D. L. Co., 5th Ave. & 5th St., 
Columbus, Ohio 

Aurora Metal Co., 614 W Park Ave., 
Aurora, Ill. 

Aurora Refining Co., P.O. Box 88, 
Aurora, Ill. 

Austenal, Inc., 224 E 39th St., New 
York 16, N.Y. 

Autel Electronics Co., Precision Ma- 
chine & Welding Div., 1122 E St. 
George Ave., Linden, N.J. 

Auto Specialties Mfg. Co., 643 Graves 
St., St. Joseph, Mich. 

Automatic Metal Products Corp., 315- 
323 Berry St., Detroit 28, Mich. 

Automatic Nut Co., Lebanon, Pa. 

Automation Corp., Falge Engineering 
& Mfg. Div., 4733 Elm St., Bethes- 
da 14, Md. 

Automotive Rubber Co., Inc., 12594 
Beech Rd., Detroit, Mich. 

Avco Mfg. Corp., 420 Lexington Ave., 

New York, N.Y. 

American Kitchens Div., 18th & Co- 
lumbia, Connersville, Ind. 

New Idea Div., 420 Lexington Ave., 
New York, N.Y. 

Aviation Developments, Inc., 210 S 
Victory Blvd., Burbank, Calif. 
Avondale Co., 260 Happ Rd., North- 

field, Ill. 

Avril, G. A. Co., Este Ave. & B&O 

R.R., Cincinnati, Ohio 


be 


BLC Porous Materials Co., 809 San 
Antonio Rd., Palo Alto, Calif. 

B & T Metals Co., 425 W Town St., 
Columbus 16, Ohio 

Babbitt Chemical Co., Inc., 38 Pros- 
pect, New Bedford, Mass. 

Babcock & Wilcox Co., Tubular Prod- 
ucts Div., Beaver Falls, Pa. 

Babson Dow Mfg. Co., 64 Fulda St., 
Roxbury, Boston 19, Mass. 

Backus Novelty Co., 411 Water St., 
Smethport, Pa. 

Bacon Felt Co., 427 W Water St., 
Taunton, Mass. 

Badger Die Casting Corp., 201 W 
Oklahoma Ave., Milwaukee 7, Wis. 

Badger Malleable & Mfg. Co., 223 N 
Chicago Ave., South Milwaukee, Wis. 

Baer, N.S. Co., 1-11 Montgomery 
St., Hillside 5, N.J. 

Baker & Co., Inc., 113 Astor St., 
Newark 2, N.J. 

Balas Collet Mfg. Co., 1557 E 27th 
St., Cleveland 14, Ohio 

Baldwin Mfg. Co., 140 Homer St., 
Waterbury 20, Conn. 

Baldwin-Hill Co., 500 Breunig Ave., 
Trenton 3, N.J. 

Baldwin-Lima-Hamilton Corp., Paschal! 

Sta., Philadelphia, Pa. 
Standard Steel Works Div., Burn- 
ham, Pa. 

Balsa Ecuador Lumber Corp., 502 5th 
Ave., New York, N.Y. 

Bamberger, Claude P. Inc., 1 Mt. 
Vernon St., Ridgefield Park, N.J. 

Banner Iron Works, 1920 S Kings- 
highway, St. Louis 10, Mo. 

Barber Iron Works, Inc., 301 W 61st 
St., P.O. Box 6318, Shreveport, La. 

Barclay Mfg. Co., 1013 S Council 
St., Muncie, Ind. 

Barium Steel Corp., 25 Broad St., New 
York 4, N.Y. 

Barnard “-undry Co., Inc., 9 Roseland 
St., Spiiagfield 7, Mass. 

Barnett Foundry & Machine Co., Irv- 





ington, N.J. 

Bar-Ray Products, 209 25th St., 
Brooklyn 32, N.Y. 

Barrett Varnish Co., 1532 S 50th 
Court, Cicero 50, Ill. 

Barrows Porcelain Enamel Corp., Lang- 
don Farm Rd. & Penn R.R., Cin- 
cinnati 17, Ohio 

Bart Mfg. Corp., 227 Main St., Belle- 
ville, N.J. 

Barth Smelting Corp., 99-129 Chapel 
St., Newark 5, N.J. 

Bartlett-Thompson Co., Inc., 26 Water 
St., Wakefield, Mass. 

Barton Products Corp., P.0. Box 305, 
West Bend, Wis. 

Bassichis Co., 2323 W 3rd St., 
Cleveland 12, Ohio 

Bassons Industries Corp., 1432 W 
Farms Rd., Bronx 60, N.Y. 

Batson-Cook Co., West Point Foundry 
& Machine Co. Div., West Point, Ga. 

Bausch & Lomb Optical Co., 635 St. 
Paul St., Rochester 2, N.Y. 

Baxter Foundry & Machine Works, Inc., 
P.0. Box 1016, Boise, Id. 

Bay City Electric Steel Casting Co., 
Trumbell St., Bay City, Mich. 

Bay City Forge Co., 1802 Cranberry 
St., Erie, Pa. 

Bay City Foundry Co., 400 Webster 
St., Bay City, Mich. 

Bay State Refining Co., Inc., 8 Mont- 
gomery St., Chicopee Falls, Mass. 
Bay State Stamping Co., 372 Chandler 

St., Worcester, Mass. 

Bay State Tool & Machine Co., 412 
Albany, Springfield 4, Mass. 

Bayley Products, Inc., 19155 Glendale 
Ave., Detroit 5, Mich. 

Beacon Metal Mfg. Co., 1127 Atlan- 
tic Ave., Brooklyn 16, N.Y. 

Bead Chain Mfg. Co., 110 Mountain 
Grove St., Bridgeport 5, Conn. 


Bean, Morris & Co., (Ad p 
364) 
Hyde Rd., Yellow Springs, Ohio 

Bearium Metals Corp., 190 Mill St., 
Rochester, N.Y. 

Beatty Machine & Mfg. Co., 940 
150th St., Hammond, Ind. 

Beaver Valley Alloy Foundry Co., 
Atlantic Ave., Monaco, Pa. 

Beck, I. & Sons, Inc., 256 Mott St., 
New York 12, N.Y. 

Beck Products Corp., 12255 E 8th 
Mile Rd., Detroit 5, Mich. 

Becker Bros. Carbon Co., 3450 S 
Laramie Ave., Cicero 50, Ill. 

Becker, L. A. Foundry Co., 1201 
Hwy. 66, St. Louis 15, Mo. 

Beckmann, Inc., 120 Baxter St., New 
York 13, N.Y. 


Bee Chemical Co., (Ad p 
2858) 
12933 S Stony Island Ave., Chicago 
33, Il. 

Behringer Metal Works, Inc., 108 
Jabez St., Newark 5, N.J. 

Belcher Malleable Iron Co., Easton, 
Mass. 

Belding Corticelli Industries, 1407 
Broadway, New York 18, N.Y. 

Belko Corp., Kingsville, Md. 

Beli, David Co., Inc., 1555 Fillmore 
Ave., Buffalo 11, N.Y. 

Bellaire Stove Co., 19th & Union 
Sts., Bellaire, Ohio 

Belle City Malleable Iron Co., Racine 
Steel Castings Div., 1442 Forest 
St., Racine, Wis. 

Belmet Products, Inc., 503 Morgan 
Ave., New York 22, N.Y. 

Belmont Aluminum Extrusion Co., 
a Belmont Ave., Philadelphia 4, 
a. 


Belmont Smelting & Refining 
Works, (Ad p 130) 





330 Belmont Ave., Brooklyn 7, N.Y. 

Beloit Foundry Co., 445 Gardner St., 
South Beloit, Ill. 

Beloit Iron Works, Rock River, Beloit, 
Wis. 

Benada Aluminum Products Co., 37 
James St., Girard, Ohio 

Bendix Aviation Corp., Teterboro, N.J. 

Bendix Foundries, Teterboro, N.J. 

Benjamin Electric Mfg. Co., North- 
west Hwy., Des Plaines, Ill. 

Bennett Mfg. Co., 41 Mechanic, Alden, 
N.Y 


Bergen Point Iron Works, 233 Broad- 
way, New York 7, N.Y. 

Bergfels, William & Co., 10 Orchard 
St., Newark 2, N.J. 

Beryl Ores Co., 12900 W 100 Ave., 
Arvada, Colo. 

Beryllium Corp., P.0. Box 1462, 

Reading, Pa. 
National Precision Casting Corp. 
Div., P.O. Box 396, Paoli, Pa. 

Bessemer Galvanizing Works, Bessemer, 
Ala. 

Bethandale Corp., 24040 Lakeland 
Bivd., Cleveland 23, Ohio 

Bethlehem Steel Co., 701 3rd St., 
Bethlehem, Pa. 

Better Finishes & Coatings, Inc., 270 
Doremus Ave., Newark, N.J. 

Bettinger Corp., Gore St., Waltham, 
Mass. 

Bevan Co., 400 N Arden Dr., El 
Monte, Calif. 

Bickford, F. H., Co., 1529 S Broad- 
way, Dayton 8, Ohio 

Biddle Screw Products Co., S Main, 
Sheridan, Ind. 

Bierman-Everett Foundry Co., 133 S 
20th St., Irvington 11, N.dJ. 

Biersach & Niedermeyer Co., 1937 N 
Hubbard St., Milwaukee 12, Wis. 

Biggs, Carl H. Co., Inc., 2255 Barry 
Ave., Los Angeles 64, Calif. 

Bignall Co., Main St., Medina, N.Y. 

Billings & Spencer Co., 1 Laurel St., 
Hartford 1, Conn. 

Bingham-Herbrand Corp., Herbrand 
Div., Lake & Stone Sts., Fremont, 
Ohio 

Birchwood Chemical Co., 4500 W 
44th St., Minneapolis 24, Minn. 

Birdsboro Steel Foundry & Machine 
Co., Birdsboro, Pa. 

Bischoff Chemical Corp., 120 Main, 
Ivoryton, Conn. 


Bishop, J. & Co. Platinum 
Works, Stainless Steel 
Products Div., (Ad p 324) 
E King St., Malvern, Pa. 

Bishopric Products Co., 4413 Este 
Ave., Cincinnati 32, Ohio 

Bisonite Co., Inc., P.O. Box 84, 
Kenmore Sta., Buffalo 17, N.Y. 

Biwax Corp., 3445 Howard St., 
Skokie, Ill. 

Blacher, B., 752 Broadway, New 
York 3, N.Y. 

Blacher Bros., Inc., 299 Carpenter 
St., Providence 9, R.I. 

Black Bear Co., Inc., 44-45 23rd St., 
Long Island City 1, N.Y. 

Black-Clawson Co., 1700 Grand Ave., 

Middletown, Ohio 
Shartle Div., 2nd & Vine Sts., 
Hamilton, Ohio 

Blackmer Pump Co., Dover, Ohio 

Blaco Mfg. Co., 6541 Euclid Ave., 
Cleveland 8, Ohio 

Blakeslee Forging Co., Plant PIl., 
Plantsville, Conn. 

Blank, Arthur & Co., Inc., 33 Cause- 
way St., Boston 14, Mass. 

Blaw-Knox Co., 300 6th Ave., Pitts- 
burgh 23, Pa. 

Blickman, S., Inc., 536 Gregory Ave., 
Weehawken, N.J. 





462 ¢ MATERIALS IN DESIGN ENGINEERING 


In contacting suppliers, please mention the Materials Selector 





Bliss, E. W. Co., Mackintosh-Hemp.- 
hill Div., 901 Bingham St., Pitts. 
burgh, Pa. 

Bliss & Laughlin, Inc., 281 E 155th 
St., Harvey, Ill. 

Blossom Mfg. Co., Inc., 292 Fift) 
Ave., New York 1, N.Y. 

Boatwright Paint & Varnish Works, 
Inc., P.O. Box 306, Norcross, Ga. 

Boehm Screw Products Co., 7100 w 
Jefferson, Detroit 17, Mich. 

Bogert & Hopper, Inc., 105 W 31st 
St., New York, N.Y. 

Bohn Aluminum & Brass Corp., 1400 
Lafayette Bidg., Detroit 26, Mich. 

Bond, Charles Co., 617-623 Arch St., 
Philadelphia 6, Pa. 

Bond International, Inc., 783 S Dea- 
con, Detroit 17, Mich. 

Bone Engineering Corp., 701 Ww 
Broadway, Glendale 4, Calif. 

Bonnell, William L. Co., Inc. New- 
man, Ga. 

Bonney-Fioyd Co., 611 Marion Rd., 
Columbus 7, Ohio 

Bonnot Co., 722 Mulberry Rd., SE, 
Canton 2, Ohio 

Booker & Wallestad, Inc., 3330 Gor- 
ham Ave., Minneapolis 26, Minn. 

Boonton Molding Co., 326 Myrtle 
Ave., Boonton, N.J. 

Booth Felt Co., Inc., 100 Water St., 
Brooklyn 1, N.Y. 

Boots Aircraft Nut Corp., Newtown 
Tpke., Norwalk, Conn. 

Booty Resineers, Inc., 42 S 3rd St., 
Newark, N.J. 

Borden Co., Chemical Div., 350 Madi- 
son Ave., New York 17, N.Y. 

Borden Chemical Co., Resinite Dept., 
436 E Gutierrez St., Santa Barbara, 
Calif. 

Borg-Warner Corp., 310 S Michigan 

Ave., Chicago, Ill. 
Franklin Steel Div., Franklin, Pa. 
Ingersoll Products Div., 1000 W 
120th St., Chicago 43, Iil. 


Marbon Chemical Div., (Ad 
pp 210-11) 
7165 Chicago Ave., Gary, Ind. 


Borkland Mfg. Co., 803 Quarry Rd. at 
900 Wabash Rd., Marion, Ind. 
Boruski, Ernest F. Jr., 505 5th Ave., 

New York 17, N.Y. 

Bossick €o., Howard Ave., Bridgeport, 
Conn. 

Boston Felt Co., 210 South St., 
Boston 11, Mass. 

Boston Gear Works, 14 Hayward St., 
Quincy 71, Mass. 

Boston Metals Co., Baldt Anchor, 
Chain & Forge Div., 6th & Butler 
Sts., Chester, Pa. 

Both, A.O. Corp., Nickerson Rd., 
Ashland, Mass. 

Bound Brook Oil-Less Bearing Co., 
Bound Brook, N.J. 

Bowling Green Rubber Co., 4143 Mon- 
roe St., Toledo 13, Ohio 

Boyles Galvanizing & Plating Co., 
P.O. Box 187, Hurst, Texas 

Bradley Paint Co., 608 W Crawford 
Ave., Connellsville, Pa. 

Bradley & Vrooman Co., 2629 S 
Dearborn St., Chicago 16, Ill. 
Brandt, Charles T. Inc., 1700 Ridgely 

St., Baltimore 30, Md. 

Brasco Mfg. Co., Harvey, Ill. 

Brewer-Titchener Corp., 111 Port Wat- 
son St., Cortiand, N.Y. 

Bridgeport Brass Co., 30 Grand St., 

Bridgeport 2, Conn. 
Hunter-Douglas Aluminum Div., 3016 
Kansas Ave., Riverside, Calif. 
National Cored Forging Div., P.0. 
Box 119, South Norwalk, Conn. 

Bridgeport Moulded Products, Inc., 
105 Meadow St., Fairfield, Conn. 

Bridgeport Rolling Mills Co., Bridge- 
port, Conn. 

Briel Industries, Inc., 2232 E Market 
St., New Albany, Ind. 






Bi 


Bi 


Ca 









Briggs-Shaffner Co., 500 Brookstown 
Ave., Winston-Salem, N.C. 
Brinkerhoff Brass & Bronze Works, 
Inc., 57¥2 Dey St., Mew York 7, 
N.Y. 
Bristol Brass Corp., 580 Broad St., 
Bristol, Conn. 
Broadway Mfg. Co., P.O. Box 252, 
Springdale Rd., Waukesha, Wis. 
Brockway Pressed Metals, Inc., 921 
Clark St., Brockway, Pa. 

Brom Machine & Foundry Co., 3565 
6th St., Winona, Minn. 

Bronze & Steel Die Casting Co., Plane, 
Ill. 


Brooks & Perkins, Inc., (Ad 
p 362) 
1950 W Fort St., Detroit 16, Mich. 
Brown Corp., 213 Bellevue Ave., Syra- 
cuse 1, N.Y. 

Brown Rubber Co., Inc., P.O. Box 
1000, Lafayette, Ind. 

Bruce Foundry & Mfg. Co., 4040 S 
Evans St., Tecumseh, Mich. 


Brush Beryllium Co., (Ad p 
130) 

4301 Perkins Ave., Cleveland 3, Ohio 

Buchmann Spark-Wheel Corp., 4-20 
47th Ave., Long Island City 1, N.Y. 

Buckeye Brass & Mfg. Co., 6410 Haw- 
thorne Ave., Cleveland 3, Ohio 

Buckeye Iron & Brass Works, 324 E 
3rd St., Dayton 1, Ohio 

Buckeye Molding Co., 213 S 3rd St., 
Miamisburg, Ohio 

Budd-Stanley Co., Inc., 43-01 22nd 
St., Long Island City 1, N.Y. 

Budek & Bock Spring Mfg. Co., 4014 
W Grand Ave., Chicago 51, Ill. 

Buffalo Steel Corp., Tonawanda, N.Y. 

Buffalo Wire Works Co., 320 Terrace, 
Buffalo 2, N.Y. 

Buffalo-Eclipse Corp., Buffalo Bolt 
Div., 101 East Ave., North Tona- 
wanda, N.Y. 

Bullock, W.J. Inc., P.O. Box 539, 
Fairfield, Ala. 

Bundy Tubing Co., 8109 E Jefferson, 
Detroit 14, Mich. 

Bunker Hill Co., Sales & Fabrication 
Div., 660 Market St., San Francisco 
4, Calif. 

Bunting Brass & Bronze Co., 715 
Spencer, Toledo 1, Ohio 

Burgess-Norton Mfg. Co., 737 Peyton 
St., Geneva, Ill. 

Burkhardt Steel Co., 869 S Broadway, 
Denver 9, Colo. 

Burwood Products Co., Airport Dr., 
Traverse City, Mich. 


Busada Mfg. Corp., 
356) 
58-99 54th St., Maspeth 78, N.Y. 

Busch, J.C. Co., 17 W 54th St., 
New York 19, N.Y. 

Butler Engine & Foundry Co., Inc., 
151 S Monroe, Butler, Pa. 

Butler Mfg. Co., 7309 E 13th St., 
Kansas City, Mo. 

Button Corp. of America, 49 Dickerson 
St., Newark 9, N.J. 

Byers, A. M., 1810 Clark Bidg., Pitts- 
burgh 22, Pa. 

Byrd Plastics, Inc., 2953 W 12th St., 
Erie, Pa. 


Cc 


C. E. M. Co., 3 School St., Danielson, 
Conn. 

C & G Screw Machine Products Co., 
P.O. Box 308, Carmel, Ind. 

Cadillac Malleable Iron Co., 10th St., 
Cadillac, Mich. 

Cadillac Plastic & Chemical Co., 15111 
2nd Ave., Detroit, Mich. 

Caldwell, W. E. Co., 2020 Brook St., 
Louisville 8, Ky. 

Calfibe Co., Inc., P.O. Box 832, Red- 
lands, Calif. 


(Ad p 








California Drop Forge Co., 1033 Ai- 
hambra Ave., Los Angeles 12, Calif. 

California Metal Enameling Co., 6904 
E Slauson Ave., Los Angeles 22, 
Calif. 

California Perforated Screen Co., 345- 
347 Folsom St., San Francisco 5, 
Calif. 

Callahan Zinc-Lead Co., Inc., Flexaust 
Div., 100 Park Ave., New York 17, 
N.Y. 

Calorizing Co., P.O. Box 8742, Pitts- 
burgh 21, Pa. 

Calumet & Hecla, Inc., 11 Calumet 

Ave., Calumet, Mich. 

Calumet Div., 11 Calumet Ave., 
Calumet, Mich. 

Wolverine Tube Div., 1439 Central 
Ave., Detroit 9, Mich. 

Calumet Steel Castings Corp., 1636 
Summer St., Hammond, Ind. 

Cambridge Wire Cloth Co., Cambridge, 
Md. 

Camcar Screw & Mfg. Co., 600 18th 
Ave., Rockford, Ill. 


Cameron iron Works, Inc., 
Special Products Div., (Ad 
Pp 339) 

P.0. Box 1212, Houston 1, Tex. 

Camfield Fiberglass Plastics, Inc., N 
Centennial St., Zeeland, Mich. 

Camloc Fastener Corp., 22 Spring 
Valley Rd., Paramus, N.J. 

Campbell, A.S. Co., Inc., 161 Pres- 
cott St., East Boston 28, Mass. 

Campro Co., 3131 Alliance Rd., NE, 
Canton 1, Ohio 

Canfield, H.0. Co., Box 529, Clifton 
Forge, Va. 

Cannon-Muskegon Corp., 2875 Lincoln 
St., Muskegon, Mich. 

Canton Malleable Iron Co., 2408 13th 
NE, Canton, Ohio 

Capac Industries, Inc., 309 S Main 
St., Capac, Mich. 

Capitol Chemical Co., 4501 W Haddon 
Ave., Chicago 51, Ill. 

Capitol Products Corp., 
burg, Pa. 

Carbo Tool & Die Co., 219 Howland 
St., Fremont, Ohio 

Carboline Co., 32 Hanley Ct., St. Louis 
17, Mo. 


Carborundum Co., 
244) 
Niagara Falls, N.Y. 
Stupakoff Div., Latrobe, Pa. 
Carborundum Metals Co., P.O. Box 32, 
Akron, N.Y. 

Carey, Philip, Mfg. Co., 320 S Wayne 
Ave., Lockland, Cincinnati 15, Ohio 

Carleton Screw Products Co., 2424 
Hiawatha Ave S, Minneapolis 4, 
Minn. 

Carion Products Corp., 10224 Meech 
Ave., Cleveland 5, Ohio 

Carlson, G.O. Inc., Thorndale, Pa. 

Carolina Asbestos Co., Davidson, N.C. 

Carondelet Foundry Co., 2101 S Kings- 
highway, St. Louis 10, Mo. 

Carpenter Steel Co., 101 W Bern St., 

Reading, Pa. 
Alloy Tube Div., 
Union, N.J. 

Carroll, J.B. Co., 319 N Albany 
Ave., Chicago 12, Iil. 

Carroll Pressed Metal, Inc., 133 Dewey 
St., Worcester 10, Mass. 

Cartwright, R. Tube Products Co., 609 
St. Jean Ave., Detroit 14, Mich. 

Cary Chemicals, Inc., P.O. Box 1128, 
New Brunswick, N.J. 

Case, J. I. Co., 702 State St., Ra- 
cine, Wis. 

Caspers Tin Plate Co., 4100 W 42nd 
Pl., Chicago 32, Ill. 
Cast Optics Corp., (Ad pp 

204, 208) 
123 Newman St., Hackensack, N.J. 


Casting Engineers, Inc., (Ad 
Pp 332) 


Mechanics- 


(Ad p 


Springfield Rd., 





2323 N Bosworth, Chicago, III. 
Casting Service Corp. of Michigan, 
Mathien Ave., Bridgman, Mich. 
Castle, A. M. & Co., 3400 N Wolf 

Rd., Franklin Park, Ill. 

Castle Rubber Co., P.O. Box 589, But- 
ler, Pa. 

Catalin Corp. of America, 1 Park Ave., 
New York 16, N.Y. 

Cayce Corp., 1444 Hamilton Ave., 
Cleveland 14, Ohio 

Cedar Heights Clay Co., 50 Portsmouth 
Rd., Oak Hill, Ohio 

Ceilcote Co., 4832 Ridge Rd., Cleve- 
land 9, Ohio 

Celanese Corp. of America, 
Plastics Div., (Ad pp 183- 
86) 

744 Broad St., Newark 2, N.J. 

Celluplastic Corp., 50 Ave. L, Newark 
5, N.J. 

Central Fabricators, Inc., 
Poplar St., Cincinnati, Ohio 

Central Felt & Fabrics Corp., 24 W 
25th St., New York 10, N.Y. 

Central Screw Co., 3501 S Shields, 
Chicago 9, Ill. 

Central Screw Products Co., 284 
Walker St., Detroit 7, Mich. 

Centrifugal Casting Co., 147 W 42nd 
St., New York 36, N.Y. 

Centrifugal Casting Machine Co., P.O. 
Box 947, Tulsa 1, Okla. 

Centr-0-Cast & Engineering Co., 45 
South St. & St. Jean Ave., Detroit 
14, Mich. 

Century Die Casting Co., 2629 W 
Fletcher St., Chicago 18, Ill. 

Ceromet, Inc., 16233 Gale Ave., In- 
dustry, Calif. 

Cerro De Pasco Corp., Lewin-Mathes 
Div., 1111 Chouteau Ave., St. Louis 
2, Mo. 

Cerro de Pasco Sales Corp., 
(Ad p 133) 

300 Park Ave., New York 22, N.Y. 

Chace, W.M. Co., 1600 Beard Ave., 
Detroit 9, Mich. 

Chain Belt Co., 4701 W Greenfield 
Ave., Milwaukee 1, Wis. 

Chambersburg Engineering Co., Derby- 
shire St., Chambersburg, Pa. 


408-18 


Champion Rivet Co., (Ad p 
398) 
Harvard Ave. & E 108th St., Cleve- 
land 5, Ohio 


Chandler Products Corp., 1491 Char- 
don Rd., Cleveland 17, Ohio 

Channel Master Corp., Ellenville, N.Y. 

Chapman Machine Co., Inc., 41 Main 
St., Terryville, Conn. 

Chardon Metal Products Co., Mill St., 
Chardon, Ohio 

Chardon Rubber Co., 6th & Washing- 
ton Aves., Chardon, Ohio 

Charlotte Leather Belting Co., 209 E 
12th St., Charlotte 1, N.C. 

Chase Brass & Copper Co., 236 Grand 
St., Waterbury 91, Conn. 

Chattanooga Aluminum Foundry, Inc., 
2000 Chestnut St., Chattanooga 8, 
Tenn. 

Chemical Corp., (Ad p 291) 
67 Waltham Ave., Springfield 9, 
Mass. 

Chemical Coatings Corp., 
Rd., Rocky Hill, Conn. 

Chemical Coatings & Engineering Co., 
Inc., Box 305, Brooke St., Media, 
Pa. 

Chemical Development Corp., Endicott 
St., Danvers, Mass. 

Chemical Process Co., 1901 Spring 
St., Redwood City, Calif. 

Chemical Products Corp., King Philip 
Rd., Providence 14, R.1. 

Chemung Foundry Corp., Elmira, N.Y. 

Chicago Aluminum Castings, 2647 
Ogden Ave., Chicago, Ill. 

Chicago Development Corp., 5810 47th 
Ave., Riverdale, Md. 

Chicago Extruded Metals Co., 1642 S 
54th Ave., Cicero 9, Ill. 


Dividend 








Chicago Gasket Co,. 1271 W North 
Ave., Chicago 22, Ill. 

Chicago Hardware Foundry Co., 2500 
Commonwealth Ave. N, Chicago, Ill. 

Chicago Malleable Castings Co., 1225 
W 120th St., Chicago 43, Ill. 

Chicago Molded Products Corp., 1050 

N Kolmar Ave., Chicago 35, IIl. 
Campco Div., 2736 N Normandy 
Ave., Chicago 35, Ill. 

Chicago Powdered Metal 
Co., Schiller Park, Ill. 

Chicago Rawhide Mfg. Co., 
(Ad pp 187-88) 

1301 Elston Ave., Chicago 22, Iil. 

Chicago Rivet & Machine Co., 950 S 
25th Ave., Bellwood, Ill. 

Chicago Rubber Co., Inc., 651 Market 
St., Waukegan, III. 

Chicago Smelting & Refining Corp., 
3701 S Kedzie Ave., Chicago 32, 
Itt. 

Chicago Steel Service Co., 4444 S 
Kildare Ave., Chicago 32, Ill. 
Chicago Thrift-Etching Corp., 1555 N 
Sheffield Ave., Chicago 22, Ill. 
Chicago White Metal Casting, Inc., 
5239 W Grand Ave., Chicago 39, 

lil. 

Chicago-Allis Mfg. Corp., Allis Rub- 
ber Div., 113-125 N Green St., 
Chicago 7, Ill. 

Chicopee Mills, Inc., 49 Worth St., 
New York, N.Y 5 
Chippewa Plastics, Inc., 210 W ’Co- 
lumbia St., Chippewa Falls, Wis. 
Chromalloy Corp., (Ad p 

282) 
450 Tarrytown Rd., White Plains, 
N.Y. 

Elyria Foundry Div., Elyria, Ohlo 

Chromium Corp. of America, 100 Park 
Ave., New York 17, N.Y. 

Chrysler Corp., P.0. Box 1687, Detroit 

31, Mich. 

Amplex Div., P.0. Box 2718, De- 
troit 31, Mich. 

Cycleweld Div., 5437 W Jefferson, 
Trentoa, Mich. 

Ciba Co., Inc., 622 Greenwich St., 

New York 14, N.Y. 

Plastics Div., (Ad pp 212- 
13) 
Kimberton, Pa. 

Cincinnati Forging Co., 5604 Booster 
Pike, Cincinnati, Ohio 

Cincinnati Foundry Co., 238 W Mitch- 
ell Ave., Cincinnati 32, Ohio 

Cincinnati Pump & Mfg. Co., Inc., 
3182 Beekman St., Cincinnati 23, 
Ohio 

City Plating Works, Inc., 905 Honey- 
spot Rd., Stratford, Conn. 

Clad-Rex Corp., 2101 S Indiana, Chi- 
cago 28, Ill. 

Clapp, E. D. Mfg. Co., 305 Genesee 
St., Auburn, N.Y. 

Clark Bros. Bolt Co., Milldale, Conn. 

Clark Perforating Co., 15875 Allen 
Rd., Milan, Mich. 

Clarksville Foundry & Machine Works, 
Commerce & Spring Sts., Clarksville, 
Tenn. 

Clayton & Lambert Mfg. Co., 1701 
Dixie Hwy., Louisville 10, Ky. 
Clayton Mark & Co., 1900 Dempster 
St., Evanston, Iil. 

Clendenin Bros., Inc., 4309 Erdman 
Ave., Baltimore 13, Md. 

Cleveland Cap Screw Co., 4444 Lee 
Rd., Cleveland 28, Ohio 
Cleveland City Forge Co., 1621 Euclid 
Ave., Cleveland 15, Ohio 
Cleveland Electro Metals Co., 2391 W 
38th St., Cleveland 13, Ohio 
Cleveland Foundry & Mfg. Co., Inc., 
685 6th St., NE, Cleveland, Tenn. 
Cleveland Graphite Bronze Co., 17044 
St. Clair Ave., Cleveland 10, Ohio 
Cleveland Hard Facing Co., Inc., 3047 
Stillson Ave., Cleveland 5, Ohio 
Cleveland Hardware & Forging Co., 
3270 E 79th St., Cleveland 4, Ohio 


Products 













































































































Cleveland Metal Products Co., Wash- 
ington & Center Sts., Cleveland 13, 
Ohio 

Cleveland Porcelain Enameling Co., 
3100 E 65th St., Cleveland 27, 
Ohio 

Cleveland Pressed Products Corp., 
6712 Union Ave., Cleveland 5, 
Ohio 

Cleveland Steel Specialty Co., Inc., 
3765 E Qist St., Cleveland 5, 
Ohio 

Cleveland Tungsten, Inc., 10200 
Meech Ave., Cleveland 5, Ohio 

Cleveland Wire Cloth & Mfg. Co., 
3573 E 78th St., Cleveland 5, 
Ohio 

Cleveland Wire Spring Co., 300 E 
Main St., De Soto, Mo. 

Cliff Mfg. Co., 30240 Lakeland Bivd., 
Wickliffe, Ohio 

Clifton Conduit Co., Inc., 3300 East- 
bourne Ave., Baltimore 24, Md. 

Clinton Metal Products Co., 1076 W 
Locust St., Wilmington, Ohio 

Clopay Corp., Clopay Sq., Cincinnatl 
14, Ohio 

Closures, Inc., 46 State St., Water- 
bury, Conn. 

Clover Industries, Inc., 572-588 
Young St., Tonawanda, N.Y. 

Cly-Del Mfg. Co., Inc., Box 1367, 
Waterbury, Conn. 

Coast Mfg. & Supply Co., P.0. Box 
71, Livermore, Calif. 

Coated Abrasive Products, Inc., 30208 
Lakeland Blivd., Wickliffe, Ohio 
Coated Coil Corp., 513 W 30th St., 

New York 1, N.Y. 


Coating Products, Inc., (Ad 
Pp 291) 
101 W Forest Ave., Englewood, N.J. 
Cochran Foil Co., 1430 S 13th St., 
Louisville, Ky. 
Cochrane Foundry, Inc., Box 749, 
York, Pa. 
Cohan Epner Co., Inc., 142 W 14th 
St., New York 11, N.Y. 
Cole-Roscoe Mfg. Co., 55 Bates Ct., 
South Norwalk, Conn. 
Collis Co., Clinton, Iowa 
Colonial Alloys Co., Ridge Ave. & 
Crawford St., Philadelphia 29, Pa. 
Colonial Art Co., Inc., Crane Ave., 
Westfield, Mass. 
Colonial Kolonite Co., 2232 Armitage 
Ave., Chicago 47, Ill. 
Colonial Plastics Mfg. Co., 2685 E 
79th St., Cleveland 4, Ohio 
Colonial Rubber Co., 706 Oakwood 
St., Ravenna, Ohio 
Colorado Fuel & Iron Corp., Conti- 
nental Oil Bidg., Denver 2, Colo. 
Pacific Coast Div., 1080 19th Ave., 
Oakland 6, Calif. 
Wickwire Spencer Steel Div., 575 
Madison Ave., New York 22, N.Y. 
Colt’s Plastics Co., Inc., P.O. Box 
119, Hartford, Conn. 

Columbia Metal Stamping Co., 11900 
Harvard Ave., Cleveland 5, Ohio 
Columbia Tool Steel Co., Lincoin 
Hwy. & State St., Chicago Heights, 

Ill. 
Columbian Bronze Corp., 216 Main 
St., Freeport, N.Y. 

Columbian Steel Tank Co., 1509 W 
12th St., Kansas City 1, Mo. 
— Pump Co., Columbiana, 

lo 

Columbia-National Corp., 70 Memorial 
Drive, Cambridge, Mass. 

Columbus Bolt & Forging Co., 291 
Marconi Bivd., Columbus 15, Ohio 

Columbus Dental Mfg. Co., 634 Wager 
St., Columbus 6, Ohio 

Columbus Jack Corp., 2200 S$ Third 
St., Columbus 7, Ohio 

Columbus Production Mfg. Co., 935 W 
Goodale Bivd., Columbus 8, Ohio 

Combined Industries Co., P.O. Drawer 
431, Catskill, N.Y. 

Combustion Engineering, Inc., 1318 N 
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Branch St., Chicago 22, Ill. 

Comerford Mfg. Co., Inc., 81 Farm- 
ington Ave., Bristol, Conn. 

Comet Metal Products Co., Inc., 9104 
132nd St., Richmond Hill 18, N.Y. 

Commercial Chemical Co., 1021 Sum- 
mer St., Cincinnati 4, Ohio 

Commercial Iron Works, 2424 Porter, 
Los Angeles, Calif. 

Commercial Plastics Co., Associated 
Plastic Div., 400 E Hines St., Mid- 
land, Mich. 


Commercial Plastics & Supply 
Corp., (Ad p 182) 
630 Broadway, New York 12, N.Y. 
Commercial Screw Products Co., 15105 
Darwin Ave., Cleveland 10, Ohio 
Commercial Shearing & Stamping Co., 
1775 Logan Ave., Youngstown, Ohio 
Commercial Steel Casting Co., Cheney 
Ave., Marion, Ohio 

Commercialores, Inc., Box 98, Clover, 
S.C. 

Compacted Metals Corp., 99 Green- 
wood Ave., Waukegan, Ill. 

Composite Forgings, Inc., 2300 W 
Jefferson Ave., Detroit 16, Mich. 

Compton Foundry, Compton, Calif. 

Concord Mica Corp., 26 Crescent, 
Penacook, N.H. 

Condamatic Co., Inc., 2700 E 9 Mile 
Rd., Hazel Park, Mich. 

Conforming Matrix Corp., 12th & 
Woodruff Sts., Toledo 2, Ohio 

Conn Perry Mfg. €£o., 4341 Horatio 
Ave., Detroit 10, Mich. 

Conneaut Die Casting Co., 618 San- 
dusky St., Conneaut, Ohio 

Conneaut Rubber & Plastics Co., Com- 
merce St., Conneaut, Ohio 


Connecticut Hard Rubber Co., 
(Ad p 205) 

407 East St., New Haven 9, Conn. 

Connecticut Malleable Castings Co., 
New Haven 6, Conn. 

Connecticut Mfg. Co., 115 Benedict 
St., Waterbury 20, Conn. 

Connell Asbestos Mfg. Co., 117 Mar- 
tense St., Brooklyn 26, N.Y. 

Conner Mfg. Co., 828 S 17th St., 
Louisville, Ky. 

Consolidated Electrodynamics Corp., 
Rochester Div., 1775 Mt. Read 
Bivd., Rochester 3, N.Y. 

Consolidated Foundries & Mfg. Corp., 
Michigan Steel Casting Co. Div., 
1999 Guoin St., Detroit 7, Mich. 

Consolidated Fruit Jar Co., 62 Water 
St., P.O. Box 109, New Brunswick, 
N.J. 


Consolidated Molded Products 
Corp., (Ad p 326) 

1940 Thomas St., Scranton, Pa. 

Consoweld Corp., 700 Hooker St., Wis- 
consin Rapids, Wis. 

Continental Boiler & Sheet Iron 
Works, 5603 W Park Ave., St. 
Louis, Mo. 

Continental Can Co., 100 E 42nd St., 

New York 17, N.Y. 

Conolite Div., 205 W 14th St., Wil- 
mington, Del. 

Shelimar-Betner Flexible Packaging 
Div., 100 E 42nd St., New York 
17, N.Y. 

Continental Copper & Stee! Industries, 

Inc., 345 Madison Ave., New York 
17, N.Y. 

Niagara Falls Smelting & Refining 
Div., 2200-2214 Elmwood Ave., 
Buffalo 23, N.Y. 

Continental Die Casting Corp., 9615 
Grinnell Ave., Detroit 13, Mich. 


Continental Felt Co., (Ad p 
250) 
26 W 15th St., New York 11, N.Y. 
Continental Foundry & Machine Co., 
144th & Railroad Ave., East Chi- 
cago, Ind. 
Continental Gin Co., Birmingham, Ala. 
Continental Rubber Works, 1985 
Liberty St., Erie 6, Pa. 





Continental Screw Co., 459 Mt. Pleas- 
ant St., New Bedford, Mass. 

Continental Steel Corp., 1109 S Main 
St., Kokomo, Ind. 

Continental Wire & Iron Works, Con- 
tinental Nu-Steel Metal Products 
Div., 1249 S Ashland Ave., Chicago 
8, Ill. 

Continental-Diamond Fibre Corp., New- 
ark, Del. 

Continental-Emsco Co., P.0. Box 2098, 
Terminal Annex, Los Angeles 54, 
Calif. 

Contour Extrusion Co., 517 Fayette 
Ave., Mamaroneck, N.Y. 

Control Parts Corp., 530 Burnside 
Ave., Inwood 96, L.I., N.Y. 

Conversion Chemical Corp., 98 E Main 
St., Rockville, Conn. 

Cooley, W.J. & Co., P.O. Box 1471, 
107 Hernando, Memphis, Tenn. 


Cooper Alloy Corp., (Ad p 
353) 
14 St. & Ramsey Ave., Hillside 5, 
od 
Cooper, Peter Corp., Palmer St., Go- 
wanda, N.Y. 
Cooper-Bessemer Corp., Mt. Vernon, 
Ohio 
Coors Porcelain Co., 600 9th St., 
Golden, Colo. 
Copolymer Rubber and Chemical Corp., 
P.0. Box 2591, Baton Rouge 1, La. 
Copper and Brass Sales, Inc., 6555 E 
Davison St., Detroit 12, Mich. 
Copper Range Co., Hussey, C.G. & 
Co. Div., 2850 2nd Ave., Pitts- 
burgh 19, Pa. 
Copperweld Steel Co., Warren, Ohio 
Aristoloy Steel Div., Mahoning Ave. 
Ext., Warren, Ohio 
Ohio Seamless Tube Div., Shelby, 
Ohio 
Superior Steel Div., Hammond & 
Gregg St., Carnegie, Pa. 
Cordo Chemical Corp., (Ad p 
394) 
34 Smith St., Norwalk, Conn. 
Cordo Molding Products, Inc., 230 
Park Ave., New York 17, N.Y. 
Corite Products, Inc., 6553 W George 
St., Chicago 34, Ill. 
Cornell and Underhill, Inc., 1310 Jef- 
ferson St., Hoboken, N.J. 


Corning Glass Works, (Ad p 
253) 
Corning, N.Y. 

Corson Industries, 1228 Belmont Ave., 
Philadelphia 4, Pa. 

Couch-Uthe Co., 140 S Olive St., 
Elyria, Ohio 

Coyne & Paddock, Inc., 40-09 21st 
St., Long Island City 1, N.Y. 

Craft Mfg. Co., 2301 Davis St., North 
Chicago, Ill. 

Craftint Mfg. Co., 1615 Collamer 
Ave., Cleveland 10, Ohio 

Crane Co., 836 S Michigan Ave., Chi- 
cago 5, Ill. 

Crane Packing Co., 6400 Oakton St., 
Morton Grove, Ill. 

Crawford & Doherty Foundry Co., 4604 
SE 17th Ave., Portiand, Ore. 

Crescent Co., Inc., Carol Cable Co. 
Div., 90 Middle St., Pawtucket, R.1. 

Crescent Plastics, Inc., 955 Diamond 
Ave., Evansville 7, Ind. 

Crest Chemical Industries Corp., 72 
Delavan St., Brooklyn 31, N.Y. 

Crobalt, Inc., 2800 S State St., Ann 
Arbor, Mich. 

Croname, Inc., 6275 Howard St., Chi- 
cago 48, Ill. 

Cross Engineering Co., Carbondale, Pa. 

Crown Metal Co., 121 E Washington 
St., Milwaukee 4, Wis. 

Crown Non-Ferrous Foundry, Inc. Con- 
cord Ave., Chester, Pa. 

Crucible Steel Co. of America, P.O. 
Box 2518, Pittsburgh 30, Pa. 
Titanium and Vacuum Metal Prod- 

ucts Div., P.O. Box 2518, Pitts- 
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burgh 30, Pa. 
Trent Tube Co., P.O. Box 2518 
Pittsburgh 30, Pa. ; 

Crucible Steel Casting Co., Union Ave 
& Penn R.R., Lansdowne, Pa. 

Cruver Mfg. Co., 2460 W Jackson, Chi- 
cago 12, Ill. 

CrystalX Corp., W Lenni Rd., Lenni 
Mills, Pa. 

Cumberland Steel Co., 101 Williams 
St., Cumberland, Md. 

Curtis Cos., Inc., American Plywood 
Div., New London, Wis. 

Curtis Products Co., 7 Cherry Ave., 
Waterbury 4, Conn. 

Curtis Screw Co., Inc., 19 Gull St. 
Buffalo 13, N.Y. 

Curtiss-Wright Corp., Metals 
Processing Div., (Ad p 
363) 
706 Northland Ave., Buffalo 15, 
N.Y. 

Cuyahoga Stamping Co., 10201 Har- 
vard Ave., Cleveland 5, Ohio 

Cyril Bath Co., 32342 Aurora Rd. 
Solon, Ohio 


dt 


Dacar Chemical Products Co., 1007 
McCartney St., Pittsburgh, Pa. 

Dahlin, C. A. Co., 2727 Clybourn 
Ave., Chicago 14, Ill. 

Dalton Foundries, Inc., Lincoln & 
Jefferson Sts., Warsaw, Ind. 

Damascus Tube Co., (Ad p 
351) 

P.O. Box 71, Greenville, Pa. 

Dana Corp., Parish Pressed Steel Div., 
Box 1422, Reading, Pa. 

Danby Mfg. Co., Portland, Mich. 

Danielson Mfg. Co., 900 Holt St., 
Danielson, Conn. 

Dapol Plastics, Inc., 53 Northboro 
St., Worcester 4, Mass. 

Darby Corp., Ist & Walker Sts., 
Kansas City 15, Kan. 

Dare Products, Inc., 860 Betterly Rd., 
Battle Creek, Mich. 

Darling, L. A., Midwest Foundry Co. 
Div., 66-76 Clark St., Coldwater, 
Mich. 

Darling Valve & Mfg. Co., Walnut & 
Marshall Sts., Williamsport, Pa. 
Darlington Veneer Co., 4th St., Dar- 

lington, S.C. 

Daubert Chemical Co., 333 N Michi- 
gan Ave., Chicago, Ill. 

Davidson Rubber Co., 50 Brighton 
St., Charlestown 29, Mass. 
Davis & Hemphill, 2000 Furnace Ave., 

Elkridge 27, Md. 

Davis, Joseph Plastics Co., Kearny, 
N.J. 

Davis Products Corp., 601 39th St., 
Brooklyn 32, N.Y. 

Dawien Corp., 1911 Fargo Rd., Jack- 
son, Mich. 

Day Co., 810 3rd Ave., NE, Min- 
neapolis 13, Minn. 

Day, James B. & Co., 1872 Clybourn 
Ave., Hollydale, Calif. 

Dayton Bronze Bearing Co., 111 
Front St., Dayton 2, Ohio 

Dayton Foundry, 11803 Industrial 
Ave., Hollydale, Calif. 

Dayton Malleable Iron Co., P.0. Box 

980, Dayton 1, Ohio 

G. H. R. Div., 400 Detrick St., 
Dayton 1, Ohio 

Ironton Maileable Div., Ironton, Ohio 

Meta-Mold Aluminum Co., 525 E 
Hamilton Rd., Cedarburg, Wis. 

Ohio Matteable Div., Box 88, Sta. 
A, Columbus, Ohio 

Pratt & Letchworth Div., 189 Tona- 
wanda St., Buffalo 7, N.Y. 

Dayton Rogers Mfg. Co., 2824 13th 
Ave., S, Minneapolis 7, Minn. 

Dayton Rubber Co., Dayton 1, Ohio 
Molded Products Div., P.0. Box 

209, Three Rivers, Mich. 
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Dayton Steel Foundry Co., 1366 Miami 
Chapel Rd., Dayton 1, Ohio 

Dearborn Stamping Co., 10501 Hag- 
gerty Ave., Dearborn, Mich. 

Debevoise Co., 74 20th St., Brooklyn 
32, N.Y. 

Decatur Automatic Screw Machine 
Products Co., P.O. Box 26, Warrens- 
burg, Ill. 

Decatur Casting Co., 822 Dayton Ave., 
Decatur, Ind. 

Decrow Engineering Corp., Main St., 
Middleport, N.Y. 

Deerfield Mfg. Co., 4th Ave., Mason, 
Ohio 

Defiance Metal Products Co., 21 Sene- 
ca St., Defiance, Ohio 

Defiance Stamping Co., Perry & Ger- 
man Sts., Defiance, Ohio 

De Laval Steam Turbine Co., 853 
Nottingham Way, Trenton 2, N.J. 

Delaware Tool Steel Corp., 34th & 
Market Sts., Wilmington, Del. 

Delo Screw Products Co., 38 S 
Franklin St., Delaware, Ohio 

Delta Plywood Corp., Cotton Plant, 
Ark. 

Dennis Chemical Co., 2701 Papin St., 
St. Louis 3, Mo. 

Denver Plastics, Inc., 15200 W Col- 
fax Ave., Golden, Colo. 

Dependable Automatic Screw Co., 282 
S Lenard St., Waterbury 20, Conn. 

Derby Castings Co., 593 N Main St., 
Seymour, Conn. 

Deringer Metallurgical Corp., 8131 
Monticello Ave., Skokie, Ill. 

De Sanno Foundry & Machine Co., 
1919 Peralta St., Oakland 7, Calif. 

Designers Metal Corp., 469 E 159th 
St., Harvey, Ill. 

De Soto Paint & Varnish Co., P.O. 
Box 186, Garland, Tex. 

Detrex Chemical Industries, Inc., Box 
501, R P K Annex 32, Detroit, 
Mich. 

Detroit Brass & Malleable Co., 2968 
7th St., Wyandotte, Mich. 

Detroit Float & Stamping Co., 625 
Monroe St., Detroit, Mich. 

Detroit Gasket & Mfg. Co., Extruded 
Metals Div., 12640 Burt Rd., De- 
troit 23, Mich. 

Detroit Stamping Co., 350 Midland 
St., Detroit 3, Mich. 

Detroit Steel Corp., Portsmouth Div., 
Detroit 9, Mich. 

Deuscher, H.P. Co., 7th & Han- 
over Sts., Hamilton, Ohio 

Devcon Corp., Danvers, Mass. 

Devoe & Raynolds Co., Inc., Jones- 
Dabney Co. Div., 1481 S llth St., 
Louisville 8, Ky. 

Dexter, C.H. & Sons, Inc., Windsor 
Locks, Conn. 

Diamond Alkali Co., 300 Union Com- 
merce Bidg., Cleveland 14, Ohio 
Diamond Mfg. Co., W 8th St., Wyom- 

ing, Pa. 

Die Cast Products, Inc., 621 W 
Rosecrans Ave., Gardena, Calif. 
Diecast Corp., 522-524 Hupp Ave., 

Jackson, Mich. 

Dietzel Lead Burning Co., Narrows 
Run Rd., Coraopolis, Pa. 

Dimco-Gray Co., 207 E 6th St., Day- 
ton 2, Ohio 

Dip Seal Plastics, Inc., 2311 23rd 
Ave., Rockford, Ill. 

Dirilyte Co. of America, Inc., 1142 
S Main St., Kokomo, Ind. 

Disogrin Industries, Inc., 510 S Fulton 
Ave., Mount Vernon, N.Y. 

Diversey Corp., Metal Industries Div., 
1820 Roscoe St., Chicago 13, Ill. 

Division Lead Co., 7742 W 61st Pl., 
Summit, Il. 

Dixie Aluminum Corp., 304 E 2nd 
Ave., Rome, Ga. 

Dixie Bronze Co., P.O. Box 1148, 
Birmingham 1, Ala. 

Dixie Galvanizing & Tank Co., 1901 

McQuade St., Jacksonville, Fla. 








Dixie Lead Co., Sargent Rd., Box 
8625, Dallas 16, Tex. 

Dixie Plastics Mfg. Co., 3017 N 
Galves St., New Orleans, La. 

Dixon Corp., Burnside St., Bristol, R.I. 

Dixon, Joseph Crucible Co., Wayne & 
Monmouth Sts., Jersey City 3, N.J. 

Dixon Sintaloy, Inc., 535 Hope St., 
Stamford, Conn. 

Dodge Fibers Corp., John St., Hoosick 
Falls, N.Y. 

Dodge Mfg. Corp., 500 S Union St., 
Mishawaka, Ind. 

Dolin Metal Products, Inc., 315 
Lexington Ave., Brooklyn 16, N.Y. 

Dollin Corp., (Ad p 350) 
650 S 21st St., Irvington 11, N.J. 

Donegal Steel Foundry Co., 601 E 
Market St., Marietta, Pa. 

Donovan, F. C. Inc., 192 South St., 
Boston, Mass. 

Dormont Mfg. Co., 5607 Butler St., 
Pittsburgh 1, Pa. 

Dostal Foundry & Machine Co., Box 
180, Pontiac, Mich. 

Douglas & Sturgess, 475 Bryant St., 
San Francisco 7, Calif. 

Dow Chemical Co., Midland, Mich. 
Dobeckmun Co. Div., 3301 Monroe 

Ave., Cleveland 13, Ohio 
Magnesium Div., Midland, Mich. 
Plastics Div., (Ad pp 189, 

198) 

Midland, Mich. 

Dow Corning Corp., P.0. Box 592, 
Midland, Mich. 

Downer, Hunnewell, Inc., Mono-Seal 
Products Div., 44 Garden St., Ev- 
erett 49, Mass. 

Downington Iron Works, 161 Wallace 
St., Downington, Pa. 

Dravo Corp., 102 5th Ave., Pittsburgh 
a Fe 

Drawn Metal Tube Co., 101 Elm St., 
Thomaston, Conn. 

Dresser Industries, Inc., Dresser Mfg. 
Div., 43 Fisher Ave., Bradford, Pa. 

Dresser Operations, Inc., Clark Bros. 
Co. Div., Lincoln Ave. & 5th St., 
Olean, N.Y. 

Drexel Screw Products Co., 6200 S 
Oakley Ave., Chicago 36, Ill. 

Driver, Wilbur B. Co., (Ad 
p 131) 

1875 McCarter Hwy., Newark 4, 
N.J. 

Driver-Harris Co., 201 Middlesex St., 
Harrison, N.J. 

Driv-Lok Sales Corp, 777 Park Ave., 
Sycamore, Ill. 

Duane Specialties, Ltd., 210 Park- 
hurst St., Newark 5, N.J. 

Du-Co Ceramics Co., Box 278, Saxon- 
burg, Pa. 

Duffin Mfg. Co., 2307 Leavitt Rd., 
Lorain, Ohio 

Duluth Brass Works Co., 5002 Ramsey 
St., Duluth 7, Minn. 

Dumont Corp., 607 Irwin St., San 
Rafael, Calif. 

Dunnican Assoc., 352 Plymouth Rd., 
Union, N.J. 

Duplex Mfg. Corp., 104 Depot St., 
Sherman, N.Y. 

Duplican Co., Inc., 1221 Turnpike Rd., 
Westboro, Mass. 

du Pont de Nemours, E. I. & Co., Inc., 

Wilmington 98, Del. 

Elastomer Chemicals Div., Wilming- 
ton 98, Del. 

Fabrics Div., Wilmington 98, Del. 

Film Div., Wilmington 98, Del. 

Finishes Div., Wilmington 98, Del. 

Pigments Div., Wilmington 98, Del. 

Polychemicals Dept., (Ad 

Ppp 195, 214-15) 

Wilmington 98, Del. 

Textile Fibers Div., Wilmington 98, 

Del. 

Dura Flex Co., 2043 Colorado Ave., 
Santa Monica, Calif. 

Dura Plastics of New York, Inc., 303 

5th Ave., New York 16, N.Y. 





Duralac Chemical Corp., 84 Lister 
Ave., Newark 5, N.J. 

Dura-Lee Corp., 908 Broadway, Kan- 
sas City, Mo. 

Duraloy Co., (Ad p 359) 
Bridge St., Scottdale, Pa. 

Durethene Corp., 1859 S 55th Ave., 
Chicago 50, IIl. 

Duriron Co., Inc., 450 N Findlay St., 
Dayton, Ohio 

Duro Screw & Mfg. Co., 1064 Spring- 
field Rd., Union, N.J. 

Du-Wel Metal Products, Inc., P.O. Box 
307, Bangor, Mich. 
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Eagle-Picher Co., American Bldg., Cin- 
cinnati 1, Ohio 
Chicago Vitreous Corp. Div., 1425 
S 55th Ct., Cicero 50, Ill. 
Fabricon Products Div., 1721 W 
Pleasant Ave., River Rouge 18, 
Mich. 

Earl Paint Corp., 240 Genesee St., 
Utica 2, N.Y. 

Earley, Sam C. Corp., 3230 Monroe 
St., Toledo 6, Ohio 

East Birmingham Bronze Foundry Co., 
831 N 36th Way, Birmingham 4, 
Ala. 

Eastern Brass & Copper Co., 1122 E 
180th St., New York 60, N.Y. 
Eastern Machine Screw Corp., Truman 
& Barclay Sts., New Haven 6, Conn. 
Eastern Malleable Iron Co., P.O. Box 

349, Wilmington 99, Del. 

Eastern Rolling Mills, Inc., 1122 E 
180th St., New York 60, N.Y. 
Eastern Smelting & Refining Corp., 
109 W Brookline St., Boston 18, 

Mass. 

Eastern Stainless Steel Corp., P.0. Box 
1975, Baltimore 3, Md. 

Eastern Tool & Mfg. Co., 1 Mont- 
gomery St., Belleville 9, N.J. 

Eastman Kodak Co., 343 State St., 

Rochester 4, N.Y. 

Cellulose Products Sales Div., 343 
State St., Rochester 4, N.Y. 
Eastman Chemical Products, Inc., 

Kingsport, Tenn. 

Easton Plastic Products Co., Inc., 900 
Line St., Easton, Pa. 

Eaton Mfg. Co., 9711 French Rd., De- 

troit, Mich. 

Foundry Div., 700 E Huron, Vassar, 
Mich. 

Powdered Metals Div., 325 Jay St., 
Goldwater, Mich. 

Reliance Div., 25 Charles Ave., Mas- 
sillon, Ohio 

Eberhard Faber Pencil Co., 37 Green- 
point Ave., Brooklyn, N.Y. 

Eberhart Steel Products, Powdered Me- 
tals Div., 317 E Jefferson Bivd., 
Mishawaka, Ind. 

Eby, Hugh H. Co., 4701 Germantown 
Ave., Philadelphia 20, Pa. 

Eclipse Plastic Industries, Inc., Box 
430, Sarasota, Fla. 

Economy Machine Products Co., 5214 
W Lawrence Ave., Chicago 30, Iii. 

Edgar Plastic Kaolin Co., Materdyne 
Ave., Edgar, Fla. 

Edgcomb Steel & Aluminum 
Corp., (Ad p 70) 

Hillside Ave., Hillside, N.J. 

Edna Lite Optical Co., Inc., 200 N 
Water St., Peekskill, N.Y. 

Egan & Hausman Co., Inc., 9-02 43rd 
Rd., Long Island City 1, N.Y. 

Egyptian Lacquer Mfg. Co., P.0. Box 
444, Newark 1, N.J. 

Ehrsam, J. B. & Sons Mfg. Co., En- 
terprise, Kan. 

Eimco Corp., American Foundry & Ma- 
chine Div., P.O. Box 300, Salt Lake 
City 10, Utah 

Ekstrand & Tholand, 420 Lexington 
Ave., New York 17, N.Y. 

Elastic Stop Nut Corp. of America, 








2330 Vauxhall Rd., Union, N.J. 

Elastomer Chemical Corp., 212 Wright 
St., Newark 7, N.J. 

Elchinger, Charles F., 916 Magazine 
St., New Orleans 12, La. 

Elco Tool and Screw Corp., 1800 
Broadway, Rockford, Ill. 

Electric Auto-Lite Co., Champlain & 
Mulberry Sts., Toledo 1, Ohio 
Woodstock Div., 501 Clay St., Wood- 

stock, Ill. 
Electric Materials Co., Clay & Wash- 
ington Sts., North East, Pa. 
Electric Steel Castings Co., 1045 Main 
St. Speedway, Indianapolis 24, Ind. 
Electric Steel Foundry Co., 2141 NW 
25th Ave., Portland 10, Ore. 
Electric Storage Battery Co., Stokes 
Molded Products Div., Taylor St. & 
Webster, Trenton 4, N.J. 
Electrical Refractories Co., East Pal- 
estine, Ohio 
Electro Chemical Engineering & Mfg. 
Co., 750 Broad St., Emmaus, Pa. 
Electro Refractories & Abrasives Corp., 
Willett Rd., Lackawanna 18, N.Y. 
Electrocast Steel Foundry Co., 4701 
W 15th Place, Cicero 50, Ill. 
Electrofilm, Inc., 7116 Laurel Canyon 
Bivd., North Hollywood, Calif. 
Electron Corp., 651 Rio Grande Ave., 
Littleton, Colo. 
Electronic Parts Mfg. Co., 508 25th 
St., Union City, N.J. , 
Elgin National Watch Co., 107 -Na- 
tional St., Elgin, Ill. 

Eljay Corp., 2900 Herbert St., Baltl- 
more 16, Md. 

Elk Engineering Works, Inc., 220 
Stackpole St., St. Marys, Pa. 
Elkhart Foundry & Machine Co., Inc., 
220-330 S Elkhart Ave., Elkhart, 
Ind. 

Elkhart Iron Works, 1217-33 Broad 
St., St. Joseph, Mich. 

Elliott Bros. Steel Co., 902-914 N 
Cedar St., New Castle, Pa. 
Ellwood City Iron & Wire Co., 416 
Pittsburgh Circle, Ellwood City, Pa. 
Elm Coated Fabrics Co., Inc., 261 5th 
Ave., New York 16, N.Y. 

Elsby, J.S. Inc., 3223 W Burnham 
St., Milwaukee 15, Wis. 

Emerson & Cuming, Inc., 869 Wash- 
ington St., Canton, Mass. 
Emerson-Sack-Warner Corp., 85 Wash- 
ington St., Somerville, Mass. 
Emery, George D. Co., 220 llth Ave., 
New York, N.Y. 

Emmaus Foundry & Machine Co., 4th 
& Furnace Sts., Emmaus, Pa. 
Empire Foundry Co., Inc., 429 3rd 
St., Oakland 7, Calif. 

Empire Metal Co., 820 E Water St., 
Syracuse 3, N.Y. 

Empire Pattern and Foundry Co., P.O. 
Box 1647, Tulsa 1, Okla. 

Empire Spring Co., 210 S Albe St., 
Elyria, Ohio 

Empire Steel Castings, Inc., Frush 
Valley Rd., Laureldale, Pa. 
Enamel Products Co., 341 Eddy Rd., 
Cleveland 8, Ohio 

Endicott Forging & Mfg. Co., Inc., 
1901 North St., Endicott, N.Y. 
Enflo Corp., Fellowship Rd. & Rt. 
#73, Maple Shade, N.J. 

Engelhard Industries, Inc., 904 Pas- 

saic Ave., East Newark, N.J. 


American Platinum & Silver 
Div., (Ad p 395) 
231 New Jersey R.R. Ave., New- 
ark 5, N.J. 

Amersil Quartz Div., 685 Ramsey 
Ave., Hillside, N.J. 

Makepeace, D.E. Div., Pine & 
Durham Sts., Attleboro, Mass. 
Engineered Nylon Products, Inc., 1318 

S Olive St., South Bend, Ind. 
Engineered Plastics, Inc., American 

Sinterings Div., P.O. Drawer P, 
Watertown, Conn. 
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Engineered Precision Casting Co., 
Highway 79, P.0. Box 68, Matawan, 
N.J. 

Engineering Products & Specialties, 
Inc., Dunne! Lane, Pawtucket, R.I. 

Englander Co., Inc., Industrial Prod- 
ucts Div., 227 N. Warwick Ave., 
Baltimore 23, Md. 

Enjay Co., Inc., (Ad p 181) 
15 W 5lst St., New York 18, N.Y. 

Enoch Mfg. Co., P.O. Box 5201, 
Portland 16, Ore. 

Enterprise Galvanizing Co., 2507 E 
Cumberland St., Philadelphia 25, 
Pa. 

Enterprise Wheel & Car Corp., P.O. 
Box 151, Bristol, Va. 

Enthone, Inc., 442 Elm St., New 


Haven 8, Conn. 

Erie Bolt & Nut Co., 1325 Liberty 
St., Erie, Pa. 

Erie Bronze Co., 19th & Chestnut 
Sts., Erie, Pa. 


Erie Casting Co., 1534 German St., 
Erie, Pa. 


Erie Ceramic Arts Co., (Ad 
p 282) 
3120 W 22nd St., Erie, Pa. 
Erie Enameling Co., 1400 W 20th St., 
Erie 4, Pa. 
Erie Malleabie Iron Co., 680 W 12th 
St., Erie, Pa 
Erie Resistor Corp., Plastics Div., 644 
W 12th St., Erie, Pa. 
Erie Scientific Corp., 693 Seneca St., 
Buffalo 10, N.Y. 
Erskine Precision Wire Corp., 210 S 
Broad St., Emporium, Pa. 
Ervite Corp., 4000 W Ridge Rd., Erie, 
Pa. 
Escambia Chemical Corp., 261 Madi- 
son Ave., New York 16, N.Y. 
Essential Bar Products Co., 2526 
Brooklyn Road, Jackson, Mich. 
Essex Wire Corp., 1601 Wail St., 
Fort Wayne, Ind. 
Carolina Industrial Plastics Div., 
Mount Airy, N.C. 
Magnet Wire Div., 1601 Wall St., 
Fort Wayne, Ind. 
Est Co., Inc., Grafton, Wis. 
Etched Products Corp., 39-01 Queens 
Bivd., Long Island City 1, N.Y. 
Eureka Electric Products Co., Clay 
St., North East, Pa. 

Eutectic Welding Alloys Corp., 40-40 
172nd St., Flushing 58, N.Y. 

Evans, George Corp., 121 37th St., 
Moline, Ill. 

Evans Metal Co., 740 Lambert Dr. 
NE, Atlanta 5, Ga. 

Evans Products Co., Hardboard Div., 
P.O. Box 651, Corvallis, Ore. 
Everard Tap & Die Corp., 215 E 
144th St., New York 51, N.Y. 
Everlite Corp., 1213 E Cherry St., 

Seattle 22, Wash. 


Exalco Mfg. Co., (Ad p 344) 
46 Sheldon Rd., Berea, Ohio 
Excelsior Leather Washer Mfg. Co., 
Inc., 720 Chestnut St., Rockford, 

lil. 

Exeter Mfg. Co., 1451 Broadway, New 
York 36, N.Y. 

Extruders, Inc., 3232 W EI Segundo 
Bivd., Hawthorne, Calif. 
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Fabristeel Products, Inc., 21500 W 
8 Mile Rd., Detroit 41, Mich. 

Fahralloy Co., 149th St. & Loomis 
St., Harvey, Ill. 

Fairbanks, Morse & Co., Beloit, Wis. 

Fairchild Engine & Airplane Corp., Al- 
a Div., Comac Rd., Deer Park, 


Addresses of Suppliers 


| Fairchild Screw Products, Inc., White 
St., Winsted, Conn. 
Fairfield Aluminum Castings Co., 603 
N 8th St., Fairfield, Iowa 
| Fairmont Aluminum Co., Fairmont, W. 
Va 


St., Bethesda 14, Md. 
Falk Corp., 3001 W Canal St., Mil- 
waukee 1, Wis. 
Falls Machine Co., 1625 Massillon 
Rd., Akron 12, Ohio 
Falstrom Co., 86 Falstrom Ct., Pas- 
saic, N.J. 
Fanner Mfg. Co., Brookside Park, 
Cleveland 9, Ohio 
Munray Products Div., 12400 Cross- 
burn Ave., Cleveland 11, Ohio 


Fansteel Metallurgical Corp., 
(Ad pp 138-39) 

2200 Sheridan Rd., North Chicago, 
Ill. 

Farley & Loetscher Mfg. Co., Plastics 
Div., 7th & White, Dubuque, Iowa 

Farnam Mfg. Co., 2000 Sweeten Creek 
Rd., Asheville, N.C. 

Farrel-Birmingham Co., Inc., 25 Main 
St., Ansonia, Conn. 

Farrelloy Co., 1243-45 N 26th St., 
Philadelphia 21, Pa. 

Farwell Metal Fabricating, 77 W Fair- 
field Ave., St. Paul 7, Minn. 

Fasson Products, 250 Chester St., 
Painesville, Ohio 

Faultless Rubber Co., Ashland, Ohio 

Fearon Foundry Co., 1420 W Kinzie 
St., Chicago 22, Ill. 

Federal Adhesives Corp., 210 Wythe 
Ave., Brooklyn 11, N.Y. 

Federal Die Casting Co., 2226 N El- 
ston, Chicago, Iil. 

Federal Machine and Welder Co., 
1745 Overland Ave. NE, Warren, 
Ohio 

Federal Malleable Co., 805 S 72nd 
St., Milwaukee, Wis. 

Federal Screw Works, Congdon St., 
Chelsea, Mich. 

Federal Steel Products Corp., 415 N 
St. Charles St., Houston 3, Tex. 
Federal Tool Corp., 3600 W Pratt 

Bivd., Chicago 45, Ill. 

Federal Tool Mfg. Co., 3600 Alabama 

Ave., Minneapolis 16, Minn. 


Felters Co., (Ad pp 247, 
254) 

220 South St., Boston 11, Mass. 

Femco Mfg. Co., Inc., 22845 Hoover 
Rd., Detroit 5, Mich. 

Fenestra, Inc., 2250 E Grand Bivd., 
Detroit 11, Mich. 

Ferro Corp., 4150 E 56th St., Cleve- 

land 5, Ohio 
Fiber Glass Div., Fiber Glass Rd., 
Nashville 11, Tenn. 

Louthan Mfg. Co., P.O. Box 781, East 
Liverpool, Ohio 

Ferro Enameling Co., 1100 57th Ave., 
Oakland 21, Calif. 

Ferro Powdered Metals, Box 312, 
Salem, Ind. 

Ferro-Co Corp., Schori Process Div., 
8-11 43rd Rd., Long Island City 1, 
N.Y. 

Fetcher, M. B. Co., 3558 Garfield 
St., Detroit 7, Mich. 

Fiber Glass Industries, Inc., Amster- 
dam, N.Y. 

Fibercast Corp., 100 S Lincoln, Sand 
Springs, Okla. 

Fiberfil, Inc., Fox Farm Road, Warsaw, 
Ind. 

Fiberite Corp., 516 W 4th, Winona, 
Minn. 

Fibron Products, Inc., 500 Fibron 
Bidg., 45 Mechanic St., Buffalo 2, 
N.Y. 

Fidelity Chemical Products Corp., 470 





Frelinghuysen Ave., Newark 12, N.J. 


Falge Engineering Corp., 4733 Elm | 





Fidelity Felt & Mfg. Co., 22 W 15th 
St., New York 11, N.Y. 

Figley Die & Stamping Co., 401 
Agnes St., Defiance, Ohio 


Filon Plastics Corp., 2051 E Maple | 


Ave., El Segundo, Calif. 

Filpaco Industries, Inc., 2426 S Mich- 
igan Ave., Chicago 16, Il. 

Fine Organics, Inc., 209-211 E 19th 
St., New York, N.Y. 

Firestone Plastics Co., Firestone Bivd., 
Pottstown, Pa. 
Firestone Tire & Rubber Co., 1200 
Firestone Pkwy., Akron 17, Ohio 
Firth Sterling, Inc., 3113 Forbes St., 
Pittsburgh, Pa. 

Fischer Casting Co., Inc., P.O. Box 
M, Dunellen, N.J. 

Fischer Special Mfg. Co., 450 Morgan 
St., Cincinnati 20, Ohio 

Fish-Schurman Corp., 70 Portman Rd., 
New Rochelle, N.Y. 

Fitchburg Foundry, Inc., Benson St., 
Fitchburg, Mass. 

Fitzgibbons Boiler Co., Inc., Oswego, 
N.Y. 

FitzSimons Mfg. Co., 3775 E Outer 
Drive, Detroit 34, Mich. 

Fletcher Enamel Co., P.O. Box 67, 
Dunbar, W. Va. 

Flexfirm Products, 2300 N Chico Ave., 
Ei Monte, Calif. 

Flexible Tubing Corp., Guilford, Conn. 

Flexonics Corp., 1315 S 3rd Ave., 
Maywood, Ill. 

Flexrock Co., 3609 Filbert St., Phila- 
delphia, Pa. 

Flood City Brass & Electric Co., Mes- 
senger & Elder Sts., Johnstown, Pa. 

Florence Pipe Foundry & Machine Co., 
Front St., Florence, N.J. 

Florin Foundry & Mfg. Co., Florin, Pa. 

Flynn & Emrich Co., 301 Holliday St., 
Baltimore 2, Md. 

Flynn, Michael Mfg. Co., 700 E God- 
frey Ave., Philadelphia 24, Pa. 
Foamade Industries, 14851 W 11 Mile 

Rd., Oak Park 37, Mich. 


Foamalum Corp., (Ad p 133) 
508 Water St., Peru, Ill. 

Follansbee Steel Corp., Sheet Metal 
Specialty Div., P.0. Box 567, Fol- 
lansbee, W. Va. 

Food Machinery & Chemical Corp., F 
M C Organic Chemicals Div., 161 E 
42nd St., New York 17, N.Y. 

Foote Mineral Co., 18 W Chelten Ave., 
Philadelphia 44, Pa. 

Fordsell Machine Products Co., 4433 
E 8 Mile Rd., Van Dyke, Mich. 
Forg, Peter Mfg. Co., Park St., Som- 

erville 43, Mass. 

Formed Tubes, Inc., Prairie & Albert 
Sts., Sturgis, Mich. 

Fort Howard Steel & Wire Co., 200 
9th St., Green Bay, Wis. 

Fort Worth Steel & Machinery Co., 
3504 Jackson St., Fort Worth, Tex. 

Foss Mfg. Co., Plastics Div., 225 2nd 
Ave., Twin Falls, Id. 

Foster Aluminum Alloy Products Corp., 
Pearl St., Forestville, N.Y. 

Foster Grant Co., 289 N Main St., 
Leominster, Mass. 

Foster Wheeler Corp., 165 Broadway, 
New York, N.Y. 

Fox Co., 3400 Beekman St., Cincin- 
nati, Ohio 

Fox Edge Co., Inc., 1995 Middlesex 
St., Lowell, Mass. 

Fox Products Co., 4720 N 18th St., 
Philadelphia 41, Pa. 

France, J. H. Refractories Co., Snow 
Shoe, Pa. 

Franklin Cotton Mill Co., 1108 Cen- 
tral Pkwy., Cincinnati 10, Ohio 
Franklin Glue Co., 119 Chestnut St., 

Columbus 15, Ohio 





In contacting suppliers, please mention the Materials Selector 





Franklin Mineral Products Co., p.o 
Box 28, Franklin, N.C. 

Franklin Plastics, Inc., 315 Grant st 
Franklin, Pa. 


Frasse, Peter A. & Co., Inc. 
(Ad p 365) 
17 Grand St., New York 13, N.y 

Frederick Iron & Steel, Inc., 7th & 
East Sts., Frederick, Md. 

Fremont Casting Co., 105 Fremont S; 
Worcester, Mass. 

Frenchtown Porcelain Co., Frenchtown, 
N.J. 

Friedrich & Dimmock, Inc., Lincoln 
Ave., Millville, N.J. 

Frisby, R. J. Mfg. Co., 246 N Western 
Ave., Chicago 12, Ill. 

Fromson Orban Co., Inc., 261 Madison 
Ave., New York, N.Y. 

Frontier Bronze Corp., 4870 Packard 
Road, Niagara Falls, N.Y. 

Frost Paint & Oil Corp., 1203 NE 
Tyler, Minneapolis, Minn. 

Frost Rubber Co., 1407 N Dayton St., 
Chicago 22, Ill. 

Fry Plastics Co., 7826 S Vermont Ave., 
Los Angeles 44, Calif. 

Fryling Mfg. Co., 531 W llth St. 
Erie, Pa. 

Fuller, H. B. Co., 255 Eagle, St 
Paul 2, Minn. 

Fuller, W. P. & Co., 301 Mission St., 
San Francisco, Calif. 

Fullerton Mfg. Co., 343 E Santa Fe 
Ave., Fullerton, Calif. 

Fulton Foundry & Machine Co., Inc., 
Cleveland, Ohio 

Fulton Gold Refiners Corp., 71 Fulton 
St., New York 38, N.Y. 

Funkhouser Co., P.O. Box 569, Hagers- 
town, Md. 

Furane Plastics, Inc., 4516 Brazil St., 
Los Angeles 39, Calif. 


G. & C. Foundry Co., Monroe & Olds 
St., Sandusky, Ohio 

G & G Mfg. Co., 3223 W Fillmore 
St., Chicago 24, Ill. 

G & Z Automatic Products Co., 2434 
Brooklyn Rd., Jackson, Mich. 

Gale Mfg. Co., 115 N Albion St. 
Albion, Mich. 

Galigher Co., 545 W 8th St., P.O. 
Box 209, Salt Lake City 10, Utah 

Gamble Bros., Inc., Special Products 
Div., 4601 Alimond Ave., Louisville 
9, Ky. 

Gantner Screw Products Co., Inc., 20 
S Walnut St., Springfield, Ohio 
Gar Precision Parts, Inc., 190 Henry 

St., Stamford, Conn. 
Garco Mfg. Co., Inc., 744 N Ada St., 
Chicago 22, Ill. 
Garden State Forge Co., 1501 Jersey 
St., South Plainfield, N.J. 
Gardner-Denver Co., 100 Williamson 
St., Quincy, Ill. 
Garfield Mfg. Co., 10 Midland Ave., 
Wallington, N.J. 
Garlock Packing Co., (Ad Pp 
361) 
402 Main St., Palmyra, N.Y. 
U.S. Gasket Plastics Div., 600 N 
10th St., Camden 1, N.J. 
Gartland Foundry Co., 4th & Grait 
Sts., Terre Haute, Ind. 
Gartland-Haswell Foundry, Inc., 430 
W Park St., Sidney, Ohio , 
Gary Lynn Co., 926 York St., Cincin- 
nati 14, Ohio 
Gary Steel Products Corp., P.0. Box 
449, Lynchburg, Va. 
Gates Engineering Go., 100 S West 
St., Wilmington 99, Del. 
Gates Rubber Co., 999 S Broadway, 
Denver, Colo. 
Gatke Corp., Engineering Div., 228 N 
LaSalle St., Chicago 1, Ill. 
Geauga Industries Co., Middlefield, 
Ohio 
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General Alloys Co., 465 W ist St., | 
South Boston, Mass. 

General Aluminum Mfg. Co., 3027 E | 
55th St., Cleveland 27, Ohio 

General American Transportation Corp., 

135 S LaSalle St., Chicago 90, 
lil. 
Parker-Kalon Div., 1 Peekay Dr., 
Clifton, N.J. 
Plate & Welding Div., 135 S La- | 
Salle St., Chicago 90, Ill. 

General Aniline & Film Corp., Antara 
Chemicals Div., 435 Hudson St., 
New York 14, N.Y. 

General Asbestos Gasket Mfg. Corp., 
1029 Lafayette Ave., St. Louis 4, 
Mo. 

General Cable Corp., 420 Lexington 
Ave., New York 17, N.Y. 

General Ceramics Corp., Crows Mill 
Rd., Keasbey, N.J. 

General Dynamics Corp., Liquid Car- 
bonic Div., 3100 S Kedzie Ave., 
Chicago 23, Ill. 

General Electric Co., 1 River Rd., 
Schenectady 5, N.Y. 

Chemical Materials Dept., 1 Plastics 
Ave., Pittsfield, Mass. 

Chemical & Metallurgical Div., 2200 
N 22nd St., Decatur, Iil. 

Foundry Dept., 1 River Rd., (Bids. 
96), Schenectady, N.Y. 

Insulating Materials Dept., 69 River 
Rd., Schenectady 5, W.Y. 

Laminated Products Dept., Coshoc- 
ton, Ohio 

Lamp Wire & Phosphors Dept., 
21800 Tungsten Rd., Cleveland 
17, Ohio 

Metallurgical Products Dept., P.O. 
Box 237, Roosevelt Park Annex, 
Detroit 32, Mich. 


Silicone Products 
(Ad p 251) 
Waterford, N.Y. 

General Engineering Works, 4701 W 

Division St., Chicago 51, Ill. 


General Extrusions, inc., 
(Ad p 342) 

4040 Lake Park Rd., Youngstown 
12, Ohio 

General Findings & Supply Co., In- 
dustrial Div., School & Pearl Sts., 
Attleboro, Mass. 

General Foundry & Mfg. Co., Flint, 
Mich. 

General 
Conn. 

General Industries Co., Molded Plastic 
Div., Taylor & Olive Sts., Elyria, 
Ohio 

General Iron Works Co., P.0. Box 
2490, Denver 1, Colo. 

General Malleable Corp., 706 E Main 
St., Waukesha, Wis. 

General Metals Corp., 550 85th Ave., 
Oakland, Calif. 

General Metals Powder Co., 130 Eli- 
nor Ave., Akron 5, Ohio 

General Mills, Inc., Chemical Div., 
S Kensington Rd., Kankakee, Ill. 

General Motors Corp., General Motors 

Bidg., Detroit, Mich. 

Central Foundry Div., 37 Florence 
St., Saginaw, Mich. 

Fabricast Div., 3rd & Monon, Bed- 
ford, Ind. 

Moraine Products Div., 1420 Wis- 
consin Bivd, Dayton 1, Ohio 
Rochester Products Div., 1000 Lex- 
ington Ave., Rochester 3, W.Y. 
General Plastics Corp., 1400 N Wash- 

ington St., Marion, Ohio 

General Plastics Corp., 165 3rd Ave., 
Paterson, N.J. 

General Plastics Mfg. Co., 3481 S$ 
35th St., Tacoma 9, Wash. 

General Powdered Metal Products, Inc., 
Holly Corp., 523 West Ave., Nor- 
walk, Conn. 

General Refractories Co., 1520 Locust 
St., Philadelphia 2, Pa. 


Dept., 


Gasket, Inc., Middletown, 





General Screw Products Corp., 1190 
Brooks Ave., Rochester 19, N.Y. 
General Sintering Corp., 1830 N 32 

Ave., Melrose Park, Ill. 

General Smelting Co., 2901 E West- 
moreland St., Philadelphia, Pa. 
General Tire & Rubber Co., 1700 Fac- 

tory Ave., Marion, Ind. 

Chemical Div., 1485 Archwood, Akron 
9, Ohio 

Respro Div., 530 Wellington Ave., 
Cranston 10, R.I. 

Textileather Div., 607 Madison Ave., 
Toledo 8, Ohio 

General Veneer Mfg. Co., 8653 Otis, 
South Gate, Calif. 

Genesee Laboratory, Inc., 16 Garden 
St., Auburn, N.Y. 

Geometric Stamping Co., llll E 
200th St., Cleveland 17, Ohio 
George, P. D. Co., 5100 N 2nd St., 

St. Louls, Mo. 

Georgia Iron Works, Augusta, Ga. 

Georgla-Pacific Corp., Equitable Bidg., 
Portland, Ore. 

Gering Products, Inc., N 7th St. & 
Monroe Ave., Kenilworth, N.J. 

Gerstensiager Co., E Bowman St., 
Wooster, Ohio 

Geuder, Paeschke & Frey Co., 324 N 
15th St., Milwaukee 1, Wis. 

Giant Grip Mfg. Co., 113 Osceola St., 
Oshkosh, Wis. 

Gibb Walton Leather Co., 54th & 
Grays Ferry Ave., Philadelphia 43, 
Pa. 

Gibson Electric Co., Box 545, Bel- 
mont, Pa. 

Gibson & Kirk Co., Warner & Bayard 
St., Baltimore 30, Md. 

Gilbert & Bennett Mfg. Co., George- 
town, Conn. 

Gilbert Brass Foundry Co., 5036 Far- 
lin Ave., St. Lovis 15, Mo. 

Gillett & Eaton, Inc., 847 Doughty, 
Lake City, Minn. 

Gladding, McBean & Co., 2901 Los 
Feliz Bivd., Los Angeles 39, Calif. 

Glamorgan Pipe and Foundry Co., P.O. 
Drawer 740, Lynchburg, Va. 

Glasby, J. P. Mfg. Co., Inc., 1 Mont- 
gomery St., Belleville 9, N.J. 

Glaskyd, Inc., Eckel Rd., Perrysburg, 
Ohio 

Glass Laboratories, 863 65th St., 
Brooklyn 20, N.Y. 

Glass Reinforced Plastics Corp., 405 
W Sophia, Maumee, Ohio 

Glastic Corp., 4321 Glenridge Rd., 
Cleveland 21, Ohio 

Glenn, Joseph & Sons, Inc., Clifton 
Hts., Pa. 

Glidden Co., 1717 Summer St., Ham- 
mond, Ind. 


Chemicals-Pigments-Metals 
Div. (Ad p 347) 
3901-3915 Hawkins Pt. Rd., Bal- 
timore 26, Md. 

Globe Imperial Corp., Plastic-Seal 

Div., 2038 Kishwaukee, Rockford, 

Ill. 


Globe Industries, Inc., Super- 
met Div. (Ad p 354) 
1460 Cincinnat! St., Dayton 8, Ohio 

Globe Paint Works, Inc., P.O. Box 36, 
Williamsport, Pa. 

Globe Steel Abrasive Co., 238 Ist 
Ave., Mansfield, Ohio 


Globe Union, Inc., Centralab 
Div. (Ad p 246) 

946 E Keefe Ave., Milwaukee 1, 
Wis. 

Glo-Brite Products, Inc., 6415 WN 
California Ave., Chicago 45, Ill. 
Glover Machine Works, Butler St., 

Marietta, Ga. 

Gluntz Brass & Aluminum Foundry Co., 
10815 Harvard Ave., Cleveland 5, 
Ohio 

Gold Leaf & Metallic Powders, Inc., 
145 Nassau St., New York, N.Y. 

Goldsmith Bros. Smelting & Refining 





Co., 111 N Wabash Ave., Chicago | 
a 3. 
Gomar Mfg. Co., Inc., 
Blancke St., Linden, N.J. 
Goodrich, B.F. Chemical Co., 3135 
Euclid Ave., Cleveland 15, Ohio 
Hood Rubber Co. Div., 99 Nichols 
Ave., Watertown, Mass. 
Sponge Products Div., Shelton, Conn. 
Goodrich, B.F. Industrial Products Co., 
Marietta, Ohio 
Goodrich-Gulf @hemicals, Inc., 3121 
Euclid Ave., Cleveland 15, Ohio 
Goodyear Tire & Rubber Co., 1144 
E Market St., Akron 16, Ohio 
Gordon Chemicals, Inc., 500 A St., 
Wilmington 99, Del. 


Goshen Rubber Co.,_ Inc. 
(Ad p 332) 

1525 S 19th St., Goshen, Ind. 

Goslin Birmingham Mfg. Co., Inc., 
3521 10th Ave. N, Birmingham 1, 
Ala. 

Gotham Plastics Corp., 220 E 134 
St., New York 51, N.Y. 

Gowanda Furnaces, Inc., 7 Palmer 
St., Gowanda, N.Y. 

Grace, W.R. & Co., 7 Hanover Sq., 

New York, N.Y. 

Dewey & Almy Chemical Co. Div., 
62 Wittemore Ave., Cambridge 40, 
Mass. 

Polymer Chemicals Div., 225 All- 
wood Rd., Clifton, N.J. 

Graften Foundry Co., 1003 Bridge St., 
Grafton, Wis. 

Graham, James Co,, 293 Wooster St., 
New Haven Conn. 

Gra-Iron Foundry Corp., 501 S 12th 
Ave., Marshalltown, lowa 

Grammes, L.F. & Sons, Inc., 380 
Union St., Allentown, Pa. 

Grand Haven Stamped Products Co., 
Griffen & Madison Sts., Grand 
Haven, Mich. 

Grand Rapids Brass Co., 420 50th 
St., SW, Grand Rapids 8, Mich. 
Grand Rapids Varnish Corp., 1350 
Steele St., SW, Grand Rapids, Mich. 
Grand Sheet Metal Products Co., 
Consumer Products Div., 2055 Ruby 

St., Melrose Park, Ill. 

Granite City Steel Co., 20th & Madi- 
son Aves., Granite City, Ill. 

Graphite Metallizing Corp., 1058 
Nepperhan Ave., Yonkers 3, N.Y. 


Graphite Specialities Corp., 
(Ad p 252) 
64th St. & Pine Ave., Niagara 
Falls, N.Y. 

Grass, M.J. Machine Products Co., 19 
Northampton St., Buffalo 9, N.Y. 

Graton & Knight Co., Inc., 356 
Franklin St., Worcester, Mass. 

Graver Tank & Mfg. Co., Inc., 4809 
Tod Ave., East Chicago, Ind. 

Gray-Syracuse, Inc., W Seneca St., 
Manlius, N.Y. 

Great American Industries, Inc., Ruba- 
tex Div., Bedford, Va. 

Grede Foundries, Inc., 1320 S Ist 
St., Milwaukee 1, Wis. 

Green Bay Foundry & Machine Works, 
401 S Broadway, Green Bay, Wis. 

Green, A.P. Fire Brick Co., Mexico, 
Mo. 

Greenback Industries, Inc., 2527 W 
Maple Rd., Birmingham, Mich. 

Greene, G.G. Corp., Warren, Pa. 

Greene Mfg. Co., 1028 Douglas Ave., 
Racine, Wis. 

Greenlee Foundry Co., 4600 W 14th 
St., Chicago 50, Ill. 

Green-Walker Galvanizing Co., Inc., 
5002 Jefferson Highway, New Or- 
leans 21, La. 

Greer Stop Nut Co., 2620 W Flournoy 
St., Chicago 12, Ill. 

Gregg Metal Products Co., 1333 N 
9th St., Milwaukee 5, Wis. 

Gregory Industries Inc., Nelson Stud 
Welding Div., 28th St. & Toledo 


1501 W 





Ave., Lorain, Ohio 
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Gregory Thomas Galvan Works, 4900 
Grand Ave., Maspeth 78, N.Y. 
Grems Mfg. Co., 5635 S 6th St., 

Klamath Falls, Ore. 
Grey, C.M. Industries, Inc., 358 
Central Ave., East Orange, N.J. 


Gries Reproducer Corp., (Ad 
pp 338, 402) 

153 Beechwood Ave., New Rochelle, 
N.Y. 

Grimes Mfg. Co., Plastic Research 
Products, 200 Beech St., Urbana, 
Ohio 

Grimm Foundry Co., Inc., Chimney 
Rock Rd., Beund Brook, N.J. 

Grip Nut Co., Broad & Maple Sts., 
South Whitley, Ind. 

Groov-Pin Corp., 1125 Hendricks 
Causeway, Ridgefield, N.J. 

Gross, Willard N., Inc., 224 High- 
land Ave., Westmont, Collingswood, 
N.J. 

Guarantee Specialty Mfg. Co., 9651 
Carr Ave., Cleveland 8, Ohio 

Guilfoy Cornice Works, 1234 Howard 
St., San Francisco 3, Calif. 

Guiton Industries, Inc., 212 Durham 
Ave., Metuchen, W.J. 

Gunite Foundries Corp., 302 Peoples 
Ave., Rockford, III. 

Gustin-Bacon Mfg. Co., 210 W 10th 
St., Kansas City 5, Mo. 


H & H Foundry Machine Co., P.O. 
Box 238, Jeanette, Pa. 

H & H Screw Products, Inc., 570 Elk 
St., Buffalo 10, N.Y. 

H. & H. Screw Products Mfg. Co., 
1883 Mineral Spring Ave., North 
Providence 11, R.I. 

H & H Tube & Mfg. Co., 263 N 
Forman, Detroit 17, Mich. 

H & K Machine Service Co., Inc., 
6229 Bartmer Ave., St. Louis, Mo. 

H. K. Metal Craft Mfg. Corp., 3775 
10th Ave., New York, N.Y. 

H-P Products, Inc., 510 W Broad St., 
Louisville, Ohio 

H & R Industries, 344 E Walnut St., 
Nazareth, Pa. 


HPL Mfg. Co. (Ad p 350) 
15210 Miles Ave., Cleveland 28, 
Ohio 

Haber Corp., 864 W North Ave., Chi- 
cago 22, Ill. 

Hack, J.H. Mfg. Co., 7049 Lyndon 
Ave., Detroit 21, Mich. 

Hadley Bros.-Uhi Co., 514 Clavary 
Ave., St. Louis 15, Mo. 

Haffner Bros. Co., Hopple St. Central 
Pkwy., Cincinnatl 25, Ohlo 

Hagstoz, T.B. & Son, 709 Sansom, 
Philadelphia 6, Pa 

Haigh Mfg. Co., 225 E Grand River, 
Brighton, Mich. 

Halex Corp., 26302 W 7 Mile Rd., 
Detroit 40, Mich. 

Hall C.P. Co., 414 S _ Broadway, 
Akron 8, Ohio 

Hall Mfg. Co., 175 Linden St., 
Hackensack, N.J. 

Haller, Inc., 16580 Northville Rd., 
Northville, Mich. 

Hallstead Foundry, Inc., Main St., 
Halistead, Pa. 

Hamilton Die Cast, Inc., 240 N B 
St., Hamilton, Ohio 

Hamilton Foundry & Machine Co., 
1551 Lincoln Ave., Hamilton, Ohio 

Hamilton Watch Co., Precision Metals 
Div., Lancaster, Pa. 

Hampden Brass & Aluminum Co., 262 
Liberty St., Springfield, Mass. 
Hampton Mfg. Co., 111 Cedar St., 

New Rochelle, N.Y. 


Handy & Harman (Ad p 399) 
82 Fulton St., New York 38, N.Y. 
Hanford Foundry Co., 119 S Arrow- 
head Ave., San Bernardino, Calif. 
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Hanlon-Gregory Galvanizing Co., 5515 
Butler St., Pittsburgh 1, Pa. 

Hanovia Chemical Mfg. Co., 1 Central 
Ave., East Newark, N.J. 

Hansell-Elcock, 485 W 23rd Pl., Chi- 
cago 16, Ill. 

Harbot Die Casting Corp., 52 E 
Centre St., Nutley, N.J. 

Harcast Co., Inc., 620 E Glenolden 
Ave., Glenolden, Pa. 

Hardinge Mfg. Co., 240 Arch St., 
York, Pa. 


Hardman, H.V. Co., Inc. (Ad 
p 398) 

577 Cortlandt St., Belleville 9, N.J. 

Hardy, Charles, Inc., 420 Lexington 
Ave., New York 17, N.Y. 

Hardy Mfg. Corp., W Pearl St., 
Union City, Ind. 

Harnischfeger Corp., 4400 W National 
Ave., Milwaukee 46, Wis. 

Harper, H.M. Co., 8200 Lehigh Ave., 
Morton Grove, Iil. 


Harrington & King Perforat- 
Ing Co., Inc. (Ad p 341) 
5671/72 Fillmore St., Chicago 44, 
lil. 

Hawis, Benjamin & Co., llth & 
State Sts., Chicago Hts., Ill. 

Harsco Corp., 3200 Guardian Bidg., 

Detroit 26, Mich. 
Ainsworth-Precision Cast- 

ings Co. Div., (Ad p 

344) 

3200 Guardian Bidg., Detroit 26, 

Mich. 

Harshaw Chemical Co., 1945 E 97th 
St., Cleveland 6, Ohio 

Harte & Co., Inc., 16 E 24th St., 
New York, N.Y. 

Hartford Electric Steel Corp., 540 
Flatbush Ave., Hartford 10, Conn. 

Hartweld Co., 1302 Expressway Dr., 
Toledo 8, Ohio 

Hartwell, H.N. & Son, Inc., Park 
Square Bidg., 31 St. James St., 
Boston 16, Mass. 

Harvey Machine Co., Inc., Harvey 
Aluminum Div., 19200 S Western 
Ave., Torrance, Calif. 

Harvill Corp., 6251 W Century Bivd., 
Los Angeles 45, Calif. 

Harvin & Co., Box 83, Federal St., 
Kenilworth, N.J. 

Harwood Screw Products, Inc., 1620 
E Pleasant St., Springfield, Ohio 
Haskelite Mfg. Corp., 701 Ann _-St., 

NW, Grand Rapids, Mich. 

Hassall, John iInc., (Ad p 
401) 

Westbury, Long Island, N.Y. 

Hastings & Co., Inc., 2314 Market 
St., Philadelphia 3, Pa. 

Haveg Industries, Inc., 900 Green- 
bank Rd., Wilmington 8, Del. 
Hawkeye Rubber Mfg. Co., 915 Shaver 
Road NE, Cedar Rapids, lowa 
Hawkridge Bros. Co., 303 Congress 

St., Boston 10, Mass. 

Haws Refractories Co., 407 Main St., 
Johnstown, Pa. 

Hay, James E. Leather Co., 244 
Smith St., Lowell, Mass. 

Hayden Mica Co., Inc., Main St., 
Wilmington, Mass. 

Hayden Wire Works, Inc., 31 Sylvan 
St., West Springfield, Mass. 

Hayes Adhesive Co., Inc., Union Blvd. 
at Brown Ave., St. Louis 15, Mo. 

Hayman, Michael & Co., 856 E Ferry 
St., Buffalo 11, N.Y. 

Hays Mfg. Co., 80 W 12th St., Erie, 
Pa. 


Haywilk Galvanizing Inc., P.0. Box 
372, Harvey, La. 

Hazledine, E.T. Co., 231 S$ Ist St., 
Terre Haute, Ind. 

Headford Bros. & Hitchins Foundry 
Co., 1502 Westfield Ave., Waterloo, 
lowa 

Headly Mfg. Co., 4376 W Ogden 
Ave., Chicago 23, Ill. 





Addresses of Suppliers 


Heatbath Corp., P.O. Box 78, Spring- 
field 1, Mass. 

Heil Process Equipment Corp., 12901 
Elmwood Ave., Cleveland 11, Ohio 
Heintz Mfg. Co., Front St. & Olney 
Ave., Philadelphia 20, Pa. 

Held, 0.P. Inc., 761 Nepperhan Ave., 
Yonkers 3, N.Y. 

Heli-Coil Corp., Shelter Rock Lane, 
Danbury, Conn. 

Heller, A.B. Screw Products, Inc., 
14571 Lesure Ave., Detroit 27, 
Mich. 

Heller Tool Co., Heller Dr., New- 
comerstown, Ohio 

Helmick Foundry-Machine Co., P.O. 
Box 71, Fairmont, W. Va. 

Hendrick Mfg. Co., 50 Dundaff St., 
Carbondale, Pa. 

Henefelt Precision Products, 1630 
Herald Ave., Cincinnati 12, Ohio 
Henrite Products Corp., Ironton, Ohio 
Heppenstall Co., 4620 Hatfield St., 

Pittsburgh 1, Pa. 

Hercules Fastener Co., 2722 N Cly- 
bourn St., Chicago 14, IIl. 

Hercules Powder Co., Inc., Delaware 
Trust Bldg., Wilmington 99, Del. 
Heresite & Chemical Co., Manitowoc, 
Wis. 

Herker Screw Products, Inc., 4924 N 
125th St., Butler, Wis. 

Herman Machine & Tool Co., Tall- 
madge, Ohio 
Hersey Metal Products, Inc., Derby, 
Conn. 

Hettleman, K. & Sons, Inc., 9th & 
Patapsco Aves., Baltimore 25, Md. 

Hewitt, John Foundry Co., 15-29 
Sherman Ave., East Newark, N.J. 

Hewitt-Robins, Inc., 66 Glenbrook Rd., 

Stamford, Conn. 
Hewitt Rubber Div., 240 Kensington 
Ave., Buffalo, N.Y. 

Hexcel Products, Inc., 2741 9th St., 
Berkeley 10, Calif. 

Heypian Mfg. Co., E Michigan Ave., 
Kenilworth, N.J. 

Hibben & Co., 9376 S Ewing Ave., 
Chicago, Ill. 

Hica, Inc., 1431 W 59th St., Shreve- 
port, La. 

Hicks Corp., Hyde Park Ave., Boston, 
Mass. 

Higbie Mfg. Co., Avon Tube Div., 
Klein Rd., Rochester, Mich. 

High Vacuum Equipment Corp., 2 
Churchill Rd., Hingham, Mass. 
Hi-Grade Alloy Corp., 1236 S Tal- 
man Ave., Chicago 8, III. 
Hilfinger Corp., 1800 Westwood Ave., 
Toledo 7, Ohio 
Hills-McCanna Co., 3025 N Western 
Ave., Chicago 18, Iil. 

Hilo Varnish Corp., Industrial Finishes 
Div., Carpenter-Morton Co., 376 3rd 
St., Everett 49, Mass. 

Himmel Bros. Co., 1409 Dixwell Ave., 
Hamden, Conn. 

Hi-Shear Rivet Tool Co., 2600 W 
247th St., Torrance, Calif. 

Hitchiner Mfg. Co., Inc., Milford, 
N.H. 

Hitemp Wires, Inc., 1200 Shames 
Dr., Westbury, N.Y. 

Hobart Bros. Co., 1221 Hobart Rd., 
Troy, Ohio 

Hobbs, Clinton E. Co., 203 Chelsea 
St., Everett 49, Mass. 

Hodges, William & Co., Inc., 1627 
N American St., Philadelphia 2, 
Pa. 

Hodgman Rubber Co., Tripp St., 
Framingham, Mass. 

Hodgson Foundry Co., 2012 W 13th 
St., Chicago 8, Ill. 


Hoeganaes Sponge iron 
Corp., (Ad p 342) 
Riverton, N.J. 

Hoffman Bronze & Aluminum Casting 
Co., 1000 Addison Rd., Cleveland 3, 
Ohio 





Hofford Varnish Co., Inc., Broad & 
14th Sts., Carlstadt, N.J. 

Hohwieler Rubber Co., Inc., 32 W 
Bridge St., Morrisville, Pa. 

Hokin Aluminum Co., 142nd St. & 
Cottage Grove, Dolton, Ill. 

Hollingsworth & Vose Co., Washing- 
ton St., East Walpole, Mass. 

Holt Products Co., Walnut St., Holt, 
Mich. 

Home Rubber Co., 30 Woolverton Ave., 
Trenton, N.J. 

Homestead Valve Mfg. Co., P.0. Box 
348 Coraopolis, Pa. 

Hommel, 0. Co., P.O. Box 475, Pitts- 
burgh 20, Pa. 

Hoofer Mfg. Co., 544 W Lake St., 
Chicago 6, Ill. 

Hooker Chemical Corp., 51 47th St., 

Niagara Falls, N.Y. 


Durez Plastics Div., (Ad pp 
192-93) 
1967 Walck Rd., North Tona- 
wanda, N.Y. 

Hoover Co., Die Casting Div., 101 E 
Maple St., North Canton, Ohio 
Hoskins Mfg. Co., 4445 Lawton Ave., 

Detroit 8, Mich. 

Houdaille Industries, Inc., Fairmount 
Tool & Forging, Inc. Sub., 10611 
Quincy Ave., Cleveland 6, Ohio 

Houghton, E.F. & Co., 303 W Lehigh 
Ave., Philadelphia 33, Pa. 

Houghton Laboratories, Inc., 322 
Houghton Ave., Olean, N.Y. 

Houston Blow Pipe & Sheet Metal 
Works, P.O. Box 1692, Houston 1, 
Tex. 

Howard Foundry Co., 1700 N Kostner 
Ave., Chicago 29, Ill. 

Hoyt, Charles D. Co., Inc., 1118 
Forest Ave., Mishawaka, Ind. 

Huck Mfg. Co., 2480 Bellevue Ave., 
Detroit 7, Mich. 

Hudson Cush-N-Foam Corp., Lake Ave. 
& Saw Mill River Rd., Yonkers, 
N.Y. 

Hudson Screw Machine Products Co., 
4500 W Augusta Bivd., Chicago 51, 
Ill. 

Hudson Smelting & Refining So., 567 
Wilson Ave., Newark 5, N.J. 

Hudson Wire Co., Pequot Wire Cloth 
Co. Div., 35 Hoyt St., Norwalk, 
Conn. 

Hughes Glue Co., 3500 St. Aubin 
Ave., Detroit 7, Mich. 

Hughes Tool Co., 5425 Polk Ave., 
P.0. Box 2539, Houston 1, Tex. 

Hull, R.0. & Co., Inc., 1300 Parsons 
Ct., Rocky River 16, Ohio 

Humphrey Castings, Inc., 3944 Riley 
St., San Diego 10, Calif. 

Hungerford Plastics Corp., P.O. Box 
376, Morristown, N.J. 

Hunt Screw & Mfg. Co., 4117 N 
Kilpatric Ave., Chicago 41, Ill. 
Hunter Spring Co., 1 Spring Ave., 

Lansdale, Pa. 

Hunt-Spiller Mfg. Corp., 383 Dor- 
chester Ave., Boston 82, Mass. 
Huron Automatic Screw Co., 1401 

Water St., Port Huron, Mich. 

Huron Forge & Machine Co., 9041 
Alpine Ave., Detroit 4, Mich. 

Hydrawlik Co., 131-137 E lst St., 
Roselle, N.J. 

Hydroforming Co. of America, 4700 
W Lawrence Ave., Chicago 31, Ill. 

Hydrometals, Inc., Illinois Zinc Co. 
Div., 2959 W 47th St., Chicago 
32, Il. 

Hy-Level Screw Products Co., 2615 
Scranton Rd., Cleveland 13, Ohio 


I-F Mfg. Co., New Philadelphia, Ohio 
Ideal Can Co., 68 Vine St., Everett 
49, Mass. 





Ideal Metal Products Co., 4842 w 
Kinzie St., Chicago 44, III, 

Illinois Forge, Inc., Rock Falls, 1); 

Illinois Iron & Bolt Co., Carpenters. 
ville, Ill. 

Illinois Precise Casting Co., 903 N 
Spaulding Ave., Chicago 51, II 
Illinois Smelting & Refining Co., 3637 
S Albany Ave., Chicago 32, 11), 
Illinois Tool Works, Shakeproof Diy. 
St. Charles Rd., Elgin, Ili, 
Imco Container Corp., 75th & Cleve. 

land Sts., Kansas City, Mo. 
Impact Extrusions, Inc., 2102 (a). 
umet Rd., Valparaiso, Ind. 
Impax, Inc., P.O. Box 5841, Ferguson 
21, Mo. 
Improved Seamless Wire Co., 775 
Eddy St., Providence 5, R.I. 
Imsande Screw Products Co., 3517 
Cardiff Ave., Cincinnati 9, Ohio 
Indar Corp., Indianapolis, Ind. 
Independence Stove & Mfg. Co., Hay- 
wood & Cottage Sts., Independence, 
Mo. 
Independent Galvanizing Co., 37 Ver- 
ona Ave., Newark 4, N.J. 
Indiana Brass Co., Inc., P.O. Box 113, 
Frankfort, Ind. 

Indiana Forge & Machine Co., 3468 
Watling St., East Chicago, Ind. 
Indiana Steel Products Co., Valparaiso, 

Ind. 
Indiana Steel & Wire Co., Inc., 700 
S Council St., Muncie, Ind. 


Indium Corp. of America, 
(Ad p 133) 
1676 Lincoin Ave., Utica 1, N.Y 

Indus Corp., 1815 Madison Ave., In- 
dianapolis 25, Ind. 

Industrial Chromium Corp., 109 Ly- 
man St., Holyoke, Mass. 

Industrial Equipment Co., 115 Ohio 
St., Minster, Ohio 

Industrial Metal Protectives, Inc., 401 
Homestead Ave., Dayton 8, Ohio 

Industrial Mica Corp., 223 S Van 
Brunt St., Englewood, N.J. 

Industrial Pipe & Supply Co., 5100 
W 16th St., Cicero 50, Ill. 

Industrial Plastic Fittings Co., 3891 
W 150th St., Cleveland 11, Ohio 

Industrial Plastics Corp., 816 W 
Beardsley Ave., Elkart, Ind. 

Industrial Polychemical Service, 17116 
S Broadway, Gardena, Calif. 

Industrial Precision Products, 325 N 
Hayne Ave., Chicago 12, Ill. 

Industrial Products Suppliers, 201 S 
Dean St., Englewood, N.J. 

Industrial Rayon Corp., 500 5th Ave., 
New York 36, N.Y. 

Industrial Screw Machine Products Co., 
1654 W 57th Place, Chicago, Ill. 

Industrial Stainless Steels, Inc., 255 
Bent St., Cambridge 41, Mass. 

Industrial Synthetics Corp., 225 North 
Ave., Garwood, N.J. 

Industrial Tectonics, Inc., 3686 Jack- 
son Rd., Ann Arbor, Mich. 

Industrial-Ferguson Foundry Corp., 
Route 22, Union, N.J. 

Ingalls Iron Works Co., 620 4th Ave., 
Birmingham, Ala. 

Ingersoll-Rand Co., Phillipsburg, N.J. 

Ingram-Richardson, Inc., 1460 Jeffer- 
son Rd., Frankfort, Ind. 

Ingram-Richardson Mfg. Co., P.O. 
Box 191, Beaver Falls, Pa. 

Inland Mfg. Co., 1108 Jackson St., 
Omaha 2, Neb. 

Inland Steel Co., 30 W Monroe St., 
Chicago 3, Ill. 

Inshield Die & Stamping Co., 1931 
Manhattan Bivd., Toledo 8, Ohio 
Inspiration Consolidated Copper Co., 25 

Broadway, New York 4, N.Y. 
Instrument Parts Corp., Snowden Ave. 

& Water St., Ossining, N.Y. 
Instrument Specialities Co., 

Inc. (Ad p 343) 

244 Bergen Bivd., Little Falls, N.J. 











Insulation Mfrs. Corp., 565 W Wash- 
ington Blvd., Chicago 6, III. 
Insulation Products Co., P.0. Box 
5679, Pittsburgh 8, Pa. 
Interchemical Corp., 67 W 44th St., 
New York 36, N.Y. 
Angier Adhesives Div., 120 Potter 
St., Cambridge 42, Mass. 
Finishes Div., 224 McWhorter St., 
Newark 5, N.J. 
Interlake Mfg. Co., 13595 Helen 
Ave., Detroit 12, Mich. 
International Balsa Corp., 100 Boyd 
Ave., Jersey City 4, N.J. 
International Harvester Co., 180 Mich- 
igan Ave., Chicago, Ill. 
International Minerals & Metals Corp., 
11 Broadway, New York 4, N.Y. 
international Nickel Co., Inc., 
(Ad pp 25-8) 
67 Wall St., New York 5, N.Y. 
International Optical Co., Inc., 47 
Urban Ave., Westbury, L.I., N.Y. 
International Packings Corp., Bristol, 
N.H. 

International Paper Co., Long-Bell 
Div., Longview, Wash. 

International Powder Metallurgy Co., 
Inc., 439 W Main St., Ridgway, Pa. 

International Silver Co., Eyelet Spe- 
cialty Div., 50 State St., Water- 
bury, Conn. 

Investment Casting Co., 60 Brown 
Ave., Springfield, N.J. 

Iowa Malleable Iron Co., 9th & 
Kirkwood Sts., Fairfield, Iowa 
Ironton Fire Brick Co., Box 536, 
Ironton, Ohio 

Irvington Form & Tank Corp., 20 
Vesey St., New York 7, N.Y. 

Irwin Foundry and Mine Car Co., In- 
dustrial and Furnace Car Div., Box 
311, Irwin, Pa. 

Isaacson Iron Works, 8531 E Marginal 
Way, Seattle 14, Wash. 

Isocyanate Products, Inc., 900 Wil- 
mington Rd., New Castle, Del. 

Iten Fibre Co., Box 20, Ashtabula, 
Ohio 


Jackson Auto Radiator, 1515 Altgeld 
St., Chicago 14, Iil. 

Jackson Steel Products, Inc., 32 Rod- 
ney St., Brooklyn 11, N.Y. 

James Hill Mfg. Co., 20 Gordon Ave., 
Providence 5, R.I. 

Jamestown Finishes, 125 Blackstone 
Ave., Jamestown, N.Y. 

Jamestown Malleable Iron Corp., 3444 
Blackstone Ave., Jamestown, N.Y. 
Jamison Plastic Corp., 1255 WNew- 
_— Rd., North Bellmore, L.I., 
Janney Cylinder Co., 7401 State Rd., 
Philadelphia 36, Pa. 

Jaques Co., 67 Batterymarch St., 
Boston 10, Mass. 

Jarco Metal Products, Portland Ave., 
Westbury, L.I., N.Y. 

Jari Extrusions, Inc. (Ad p 
348) 
Linden Ave., East Rochester, N.Y. 

Jasco Aluminum Products Co., New 
Hyde Park, N.Y. 

Jasper Lacquer Co., Inc., Vine St., 
Jasper, Ind. 

Jelliff, C.0. Mfg. Corp., Pequot Rd., 
Southport, Conn. 

Jelrus Precision Casting Corp., 136 W 
52 St., New York, N.Y. 

Jema Chemical & Supply Co., 190 
South St., Newark, N.J. 

Jersey Plastic & Die Casting Co., 151 
Shaw Ave., Irvington, N.J. 

Jet Components, Inc., 3142 San Fer- 
nando Rd., Los Angeles, Calif. 

Jet Specialties Co., Inc., 941 N East- 
my Ave., Los Angeles, Calif. 


Jobbins, William F. Inc., Aurora, 





Johns-Manville Corp., 22 E 40th St., 
New York 16, N.Y. 
Dutch Brand Div., 7800 Woodlawn 
Ave., Chicago 19, Ill. 
Johnson, A. & Co., Inc., 21 West St., 
New York 6, N.Y. 
Johnson Bronze, S Mill St., New 
Castle 6, Pa. 
Johnson Metal Hose, Inc., 10 Sperry 
St., Waterbury 20, Conn. 
Johnson Plastic Corp., Box 312, Cha- 
grin Falls, Ohio 
Johnson Rubber Co., 111 Vine St., 
Middlefield, Ohio 
Johnson, S.C. & Son, Inc., Racine, 
Wis. 
Johnson Steel and Wire Co., Inc., 53 
Wiser Ave., Worcester, Mass. 
Johnston Foil Mfg. Co., 6106 S 
Broadway, St. Louis 11, Mo. 
Johnston & Funk Titanium Corp., 
W Kemrow Ave., Wooster, Ohio 
Johnstone Foundries, Inc., P.O. Box 
549, Grove City, Pa. 
Jolens Metal Products Co., 224 Sus- 
sex Ave., Newark 4, N.J. 
Jones & Laughlin Steel Corp., 3 
Gateway Center, Pittsburgh 30, 
Pa. 


Stainless Steel Div., (Ad p 
73) 
21400 Mound Rd., P.O. Box 
4606, Detroit 34, Mich. 

Strip Steel Div., 1939 Teeghly St., 
Youngstown 1, Ohio 

Jordan Co., 5lst St. & Merrimac 
Ave., Chicago 38, Ill. 
Jordan Machine Products, Inc., 3611 
St. Aubin Ave., Detroit 7, Mich. 
Jordan-Rogers Co., 640 N Cypress, 
Orange, Calif. 

Joseff-Hollywood Co., 129 E Provi- 
dencia, Burbank, Calif. 

Joslyn Mfg. & Supply Co., 155 N 
Wacker Dr., Chicago 6, Iil. 

Josiyn Pacific Co., 5100 District 
Bivd., Los Angeles 11, Calif. 

Joslyn Stainless Steels, 155 N Wacker 
Dr., Chicago 6, Ill. 

Joymont Plastics, Inc., 710 S State 
St., Girard, Ohio 

Judd Industries, Inc., 3148 W 32 St., 
Cleveland 9, Ohio 

Judsen Rubber Works, Inc., 4107 W 
Kinzie St., Chicago 24, Ill. 


be 


K-D Mfg. Co., 435 Shaffer St., Cle- 
burne, Tex. 

K. & L. Plating Co., 535 E Mifflin 
St., Lancaster, Pa. 

K SH Plastics, Inc., Hwy. 30, High 
Ridge, Mo. 

Kaiser Aluminum & Chemical 
Sales iInc., (Ad pp 334-5) 
919 Michigan Ave., Chicago 11, Ill. 

Kaiser Steel Corp., 1924 Broadway, 
Oakland 12, Calif. 

Kamin Die Casting & Mfg. Co., 3315 
N Knox, Chicago 41, Ill. 

Kanawha Mfg. Co., Charleston, W. Va. 
Kansas City Hay Press Co., 801 Wees- 
wether Rd., Kansas City 5, Mo. 
Kanthal Corp., Amelia Pi., Stamford, 

Conn. 

Katelman Foundry & Mfg. Co., 238 S 
llth St., Council Bluffs, Iowa 
Kawecki Chemical Co., 220 E 42nd 

St., New York 17, N.Y. 

Kawneer Co., 1105 WN Front St., 
Niles, Mich. 

Kay-Bee Machine Products Co., 2776 
S 34 St., Milwaukee 15, Wis. 

Kay-Brunner Steel Products, Inc., 999 
Meridian Ave., Alhambra, Calif. 

Kaye-Tex Mfg. Corp., Kaykor Indus- 
tries, Inc. Div., Yardville, N.J. 

Keasbey & Mattison Co., Butler Ave., 
Ambler, Pa. 


MATERIAL 





Keen Foundry Co., Inc., E Main & E 
Jerr Sts., Griffith, Ind. 

Kees, F.D. Mfg. Co., 700 Park St., 
Beatrice, Neb. 

Kelite Corp., Biég. 15, 81 Industrial 
Rd., Berkeley Heights, N.J. 

Keller Products, Inc., 37 Union, 
Manchester, N.H. 

Kelley Mfg. Co., 4800 Clinton Dr., 
P.O. Box 17, Houston 1, Tex. 

Kelly Foundry Co., 1704 Wharton St., 
Pittsburgh 3, Pa. 

Kelsey-Hayes Co., Utica Metals Div., 
Utica 4, N.Y. 

Kendall Co., Walpole, Mass. 
Kendall Mills Div., Walpole, Mass. 
Polyken Sales Div., 309 W Jack- 

son Blvd., Chicago 6, Ill. 

Kenmore Machine Products, Inc., 15 

Depew Ave., Lyons, N.Y. 


Kennametal, _  iInc., 
255) 

Lloyd Ave., Latrobe, Pa. 

Kennedy Automatic Products, Inc., 
406 S Linden St., Marshall, Mich. 

Kenosha Automatic Products Co., 
3919 13th Ave., Kenosha, Wis. 
Kensico Tube Co., Hubbell & RR 
Aves., Mt. Kisco, N.Y. 

Kent Castings Corp., 200 Garden St., 
Grand Rapids 7, Mich. 

Kent County Galvanizing Co., 15 Earl- 
ham Way, Hillsgrove 5, R.I. 
Keolyn Plastics, Inc., 2731 N Pulaski 
Rd., Chicago 39, Ill. 

Kerr, R.W. Plastic Co., 220 S Burl- 
ington Ave., Hastings, Neb. 

Kerr-Lakeside Industries, Inc., 21850 
St. Clair Ave., Cleveland 17, Ohio 

Kester Solder Co., 4201 Wrightwood 
Ave., Chicago 39, Ill. 

Kewaunee Engineering Corp., N Main 
St., Kewaunee, Wis. 

Keystone Carbon Co., 1935 State St., 
St. Marys, Pa. 

Keystone Drawn Steel Co., Main & 
Bridge Sts., Spring City, Pa. 

Keystone Forging Co., Northumberland, 
Pa. 

Keystone Plastics, Inc., 2331 Morris 
Ave., Union, N.J. 

Keystone Refining Co., Inc., Garden 
St., Philadelphia 37, Pa. 

Keystone Steel & Wire Co., Peoria 7, 
Ill. 

Kicknaefer Mfg. Co., 901 S 2nd St., 
Milwaukee 4, Wis. 

Kidd Drawn Steel Co., Aliquippa, Pa. 

King, Alfred B. Co., Devine St., 
North Haven, Conn. 

King Laboratories, Inc., 127 Solar 
St., Syracuse 3, N.Y. 

King-Seeley Corp., 720 Norris St., 
Ypsilanti, Mich. 

Kingsport Foundry & Mfg. Corp., E 
Sullivan & Main Sts., Kingsport, 
Tenn. 

Kinkead Industries, Inc., 5860 WN 
Pulaski Rd., Chicago 30, Ill. 

Kirchhof Patent Co., Inc., Dietze 
Bidg., 60-64 Union St., Newark 5, 
N.J. 

Kirk, F.J. Co., Inc., 140 Brook St., 
Clinton, Mass. 

Kirk, Morris P. & Son, 2700 S 
Indiana St., Los Angeles 23, Calif. 

Kish Industries, Inc., 1301 N Turner 
St., Lansing 6, Mich. 

Kleiner Metal Specialties, Inc., P.O. 
Box 185, Dunellen, N.J. 

Klincher Locknut Corp., 2153 Hillside 
Ave., Indianapolis 18, Ind. 

Kling Metal Spinning & Stamping 
Co., 245-247 Centre St., New York 
41S, WY. 

Klinzing, A.F. Co., Inc., 921 A 2nd 
St., Milwaukee 4, Wis. 

Klise Mfg. Co., 50 Cottage Grove St., 
Grand Rapids 2, Mich. 

Knapp Mills, Inc., 23-17 Borden Ave., 
Long Island City 1, N.Y. 


(Ad p 


SELE 





Knight, Maurice A., 171 Kelly Ave., 
Akron 9, Ohio 

Knoedier Chemical Co., 651 High St., 
Lancaster, Pa. 


Knowlton Bros., Inc., (Ad p 
246) 

215 Factory, Watertown, N.Y. 

Kobel, W.R. Sheet Metal Products, 
148 W 2ist St., Ogden, Utah 

Koch, H. & Sons, P.O. Box 125, 
Corte Madera, Calif. 

Koehler Mfg. Co., 395 Lincoin St., 
Marlboro, Mass. 

Koehring Co., Milwaukee, Wis. 

Kohn Engineering Corp., 8830 S 
Telegraph Rd., Taylor Center, Mich. 

Koppers Co., Inc., Chemical Div., 
Koppers Blidg., Pittsburgh 19, Pa. 

Korhume!l Steel and Aluminum Co., 
2424 Oakton St., Evanston, Ill. 

Koster-Keunen Mfg. Co., Inc., Bourne 
Bivd., Sayville, N.Y. 

Kovar, John R. Mfg. Co., Inc., Bridge 
Square, Anoka, Minn. 

Koven, L.0. & Brother, Inc., 154 
Ogden Ave., Jersey City 7, N.J. 
Kralay Plastic Pipe Co., Inc., 4710- 
20 E Washington Bivd., Los Angeles 

22, Calif. 

Kramer, C.P. Co., 9230 W Belmont 
Ave., Franklin Park, Iil. 

Kramer, H. Co., Ajax Metal Div., 46 
Richmond St., Philadelphia 23, “Pa. 
Kramer Bros. Foundry Co., 17 -Dell 
St., Dayton 4, Ohio 

Kraus Research Labs, Cockeysville, Md. 
Kroh Wagner, 2331 N Pulaski Rd., 
Chicago 39, Iil. 
Krone, Paul Die Casting Co., 1811 
N Kostner Ave., Chicago 39, Iil. 
Kroppe Forge Co., 5301 W Roosevelt 
Rd., Chicago 50, Ill. 

Krueger Fabricating Co., Inc., 257 W 
Badger Road, Madison 5, Wis. 
Krueger & Hudepohi, Inc., 1041 
Evans St., Cincinnati 4, Ohio 

Kuhn & Jacob Molding & Tool Co., 
1200 Southard Ave., Trenton 8, N.J. 
Kurz Kasch, Inc., 1421 S Broadway, 
Dayton 1, Ohio 

Kuss, R.L. & Co., Inc., 739 Foulke 
Ave., Findlay, Ohio 

Kutztown Foundry & Machine Corp., 
Kutztown, Pa. 

Kwikset Powdered Metal Products, 516 
E Santa Ana St., Anaheim, Calif. 


L. 0. F. Glass Fibers Co., 1810 
Madison Ave., Toledo 1, Ohio 
Corrulux Div., 410 Holmes Rd., P.O. 
Box 20026, Houston 25, Tex. 
Laboratory Equipment Corp., Hilltop 
Rd. & Lakeview Ave., St. Joseph, 

Mich. 

Laclede Steel Co., 1380 Arcade Bidg., 
St. Louis 1, Mo. 

Laconia Malleable Iron Co., 71 Water 
St., Laconia, N.H. 

Lacquer Products, Inc., 9001 Kinsman 
Rd., Cleveland 4, Ohio 

Ladish Co., 5481 S Packard Ave., 
Cudahy, Wis. 

La France Precision Casting Co., 29th 
& McKean St., Philadelphia 45, 
Pa. 

Lake City Malleable Co., 5000 Lake- 
side Ave., Cleveland 14, Ohio 

Lake Erie Foundry Co., 143 Fillmore 
Ave., Buffalo 10, N.Y. 

Lake Mfg. Corp., 1070 East St., 
New Britain, Conn. 

Lakeland Industries, Isle, Minn. 

Lakeside Bronze, Inc., 90 Arthur St., 
Buffalo 7, N.Y. 

Lakeside Malleable Casting Co., 1333 
23rd St., Racine, Wis. 

Lakewood Metal Products, Inc., 39 
Cherry Ave., Waterbury 20, Conn. 











































































































Laminated Plastex Corp., 1427 W 
North St., Springfield, Ohio 


Laminated Shim Co., (Ad pp 
340-41) 

1600 Union St., Glenbrook, Conn. 
Laminated Veneers Co., 102nd St. & 
92nd Ave., Richmond Hill, N.Y. 
Lamson Products Co., 1228 Poplar 

Pl., Seattle 44, Wash. 

Lamson & Sessions Co., 5000 Tiede- 
man Rd., Cleveland 9, Ohio 

Lamtex Industries, Inc., 51 State St., 
Westbury, L.I., N.Y. 

Lancaster Glass Corp., 220 W Main 
St., Lancaster, Ohio 

Lancaster Malleable Castings Co., 
1170 Lititz Ave., Lancaster, Pa. 

Landau, J. & Co., Inc., Caristadt, N.J. 

Lang-Scharmann & Co., 206 W lst 
St., Marshfield, Wis. 

Langsenkamp, F.H. Co., 229 E South 
St., Indianapolis, Ind. 

Langsenkamp-Wheeler Brass Works, 
Inc., South & Harmon Sts., In- 
dianapolis, Ind. 

Lansdale Porcelain Enamel Corp., 5th 
& Iron, Lansdale, Pa. 

La Porte Foundry Co., 301 Truesdell 
Ave., La Porte, Ind. 

Larkin Specialty Mfg. Co., 915 Linden 
Ave., South San Francisco, Calif. 
Larson, W.0. Foundry Co., 799 Bar- 

chard, Grafton, Ohio 

Larson, Charles E. & Sons, Inc., 
2645-65 N Keeler Ave., Chicago 39, 
Ill. 

Larson Tool & Stamping Co., Olive 
St., Attleboro, Mass. 

La Salle Steel Co., P.0. Box 6800-A, 
Chicago 80, Ill. 

Latrobe Steel Co., Latrobe, Pa. 

Lattimer Foundry and Machine Co., 
Lattimer Mines, Pa. 

Lattner Bros. Machining Co., 650 E 
Troy, Ferndale 20, Mich. 

Latwaitis, Ernest A., 102-09 Remsen 
Pi., Howard Beach 14, N.Y. 

Lavin, R. & Sons, Inc., 3426 S Ked- 
zie Ave., Chicago 23, Ill. 

Lawrence, L. Co., Inc., 292 Halsey 
St., Newark 2, N.J. 

Lawrence Copper & Bronze Co., W New 
Castle St., Zilenpole, Pa. 

Lawrence Laboratory, 1668 Euclid St., 
Santa Monica, Calif. 

Lawrenceville Screw Co., 4920 Har- 
rison St., Pittsburgh 1, Pa. 

Lawson, F.H. Co., Evans & Whateley 
Sts., Cincinnatl 4, Ohio 

—- C.A. Co., Broadway, DePere, 

is. 

Laystrom Mfg. Co., 20001-17 N Park- 
side Ave., Chicago 39, Ill. 

Lea Mfg. Co., 16 Cherry Ave., Water- 
bury 20, Conn. 

Leach & Garner Co., Industrial Div., 
Leach & Garner Bidg., Attleboro, 
Mass. 

Leader Iron Works, Inc., 2108 N Jas- 
per St., Decatur, Ill. 

Leake Engineering Co., P.O. Box 715- 
MS, Monroe, Mich. 

Lebanon Steel Foundry, Ist Ave. & 
E Lehmen St., Lebanon, Pa. 

LeBarch, E.L. Foundry, Box 746 Brock- 
ton, Mass. 

Lee Bros. Foundry Co., Inc., P.O. Box 
231 Anniston, Ala. 

Lee Rubber & Tire on Hector St., 


Conshohocken, 
Republic Rubber Div., 1410 Albert, 
Youngstown 1, Ohio 
Leed, H.A. Co., 1685 Diswell Ave., 
Hamden, Conn. 
—_ Inc., 1500 Lehigh Dr., Easton, 
a. 
Lehigh Foundries Div., 1500 Lehigh 
Dr., Easton 1, Pa. 





Addresses of Suppliers 


Lehigh Structural Steel Co., Allentown, 
Pa. 

Leitelt Bros., Inc., 7721-31 S Chi- 
cago Ave., Chicago 19, Ill. 

Lenape Hydraulic Pressing & 
Forging Co., (Ad p 354) 
Box 536, West Chester, Pa. 

Lester Castings Inc., Cannon & Aurora 
Rds., Bedford Heights, Ohio 

Letukas Foundry, Upland, Ind. 

Levinson Steel Co., S 20th & Wharton 
St., Piitsburgh 3, Pa. 

Lewin-Mathes Co., 1111 Chouteau 
Ave., St. Louis 2, Mo. 

Lewis, G.B. Co., (Ad p 336) 
4026 Montgomery St., Watertown, 
Wis. 

Lewis, J.P. Co., Plastic Products Div., 
Beaver Falls, N.Y. 


Lewis Bolt & Nut Co., 504 Mal- 
colm Ave. SE, Minneapolis 14, 
Minn. 


Lewis & Saunders, Lakeport, N.H. 

Lewistown Foundry & Machine Co., 16 
Elizabeth St., Lewistown, Pa. 

Liberty Foundry Co., 7600 Vulcan St., 
St. Louis 11, Mo. 

Light Metals Corp., 1211 Monroe Ave. 
NW, Grand Rapids, Mich. 

Light Metals, Inc., 1100 E 24th St., 
Indianapolis 5, Ind. 

Lignum-Vitae Products Corp., 98 Boyd 
Ave., Jersey City 4, N.J. 

Lincoln Electric Co., 22801 St. Clair 
Ave., Cleveland 17, Ohio 

Lincoln Foundry Corp., 2525 E 49th 
St., Los Angeles 58, Calif. 

Lincoln Iron Works, 255 West St., 
Rutiand, Vt. 

Lincoln Machine Parts Corp., 732 E 
144th St., New York 54, N.Y. 

Lincoln Mfg. Co., Inc., 2617 W Fiet- 
cher St., Chicago 18, Ill. 

Lincoln Steel Corp., 315 W 9th St., 
Lincoin 1, Neb. 

Lindell Drop Forge Co., 2830 S Logan 
Bivd., Lansing 3, Mich. 

Linden & Co., 80 Baker St., Provi- 
dence 5, R.I. 

Linderme Tube Co., 1500 219th St., 
Cleveland 17, Ohio 

Link-Belt Co., Prudential Plaza, Chi- 
cago I, Ill. 

Linton Precision Casting Co., 917 
N Nappanee St., Elkhart, Ind. 
Litemetal Dicast, Inc., 1927 Wild- 

wood Ave., Jackson, Mich. 

Lithcote Corp., 5000 W Lake St., 
Melrose Park, Ill. 

Lithium Corp. of America, 
inc., (Ad p 124) 

400 2nd Ave. S, Minneapolis 1, 
Minn. 

Litho-Strip Corp., M. M. Young Div., 
4800 S Kilbourn Ave., Chicago 32, 
Il. 

Littite Foundries, Inc., 2431 Conners 
St., Port Huron, Mich. 

Little Falls Alloys, Inc., 189 Caldwell 
Ave., Paterson, N.J. 

Littlestown Hardware & Foundry Co., 
Inc., Charles St., Littlestown, Pa. 

Livingston-Tyler Products, 501 N 5th 
St., Hamilton, Ohio 

Lloyd & Scott Brass Foundry, Inc., 
2206 Tatnall St., Wilmington 99, 
Del. 

Lock Joint Tube Co., Inc., 1400 
Riverside Dr., South Bend 24, Ind. 

Locke Machine Co., 971 E 63rd St., 
Cleveland 3, Ohio 

Lockhart Iron & Steel Co., River Ave., 
McKees Rocks, Pa. 

Mfg. Co., 1102 Collins St., 
Joliet, Ill. 

Lockport Steel Fabricators, Inc., P.O. 
Box 67, Lockport, Ill. 

Lodge Mfg. Co., RR & 6th, South 
Pittsburgh, Pa. 





Lodi Iron Works, Inc., 820 S Sacra- 
mento, Lodi, Calif. 

Loeffler, J.M. Co., Machine & Brass 
Works, 149 N 4th St., Philadelphia 
6, Pa. 

Loewenthal Metals Corp., 947 Culler- 
ton St., Chicago 8, Ill. 

Lone Star Plastics Co., Inc., 
(Ad p 356) 

124 Roberts Cutoff, Fort Worth, 
Tex. 

Long Beach Iron Works, 2100 W Ana- 
heim St., Long Beach 13, Calif. 
Long Foundry Co., Hoquiam, Wash. 
Lorain Automatic Screw Machine Co., 
Inc., 218 Connecticut, Lorain, Ohio 
Lorain Brass Co., 639 Broadway, Lo- 

rain, Ohio 

Loranger Mfg. Corp., 12-38 Clark St., 
Warren, Pa. 

Lord Mfg. Co., Special Products Div., 
1635 W 12th St., Erie, Pa. 

Los Angeles Galvanizing Co., Vernon 
Branch, P.0. Box 58411, Los 
Angeles 58, Calif. 

Los Angeles Steel Casting Co., 6100 
S Boyle Ave., Los Angeles 58, 
Calif. 

Loven Chemical of California, 23874 N 
Pine St., Newhall, Calif. 

Lowe Bros. Co., 424 E 3rd St., Day- 
ton 2, Ohio 

Lubenow, Arthur Co., 2015 S Kin- 
nickinnic Ave., Milwaukee 7, Wis. 

Lucas-Milhaupt Engineering Co., 5051 
S Lake Dr., Cudahy, Wis. 

Ludlow Valve Mfg. Co., Inc., Hudson 
River at Adams St., Troy, N.Y. 

Lukens Steel Co., (Ad pp 66- 
7) 

Coatesville, Pa. 

Lumen Bearing Co., 197 Lathrop St., 
Buffalo 12, N.Y. 

Luminous Resins, Inc., 166 W Wash- 
ington St., Chicago 2, Ill. 

Lundberg Screw Products Co., 2101 
W Willow St., Lansing 4, Mich. 

Lundquist Tool & Mfg. Co., Inc., 57 
Jackson St., Worcester 8, Mass. 

Lunn Laminates, Inc., Oakwood & W 
llth Sts., Huntington Station, N.Y. 

Luria Engineering Co., 1745 Easton 
Ave., Bethlehem, Pa. 

Lus-Trus Corp., 884 Railroad St., 
Ypsilanti, Mich. 

Luthi, F.C. & Co., Balter Bidg., New 
Orleans, La. 

Lux Clock Mfg. Co., Inc., 95 Johnson 
St., Waterbury 20, Conn. 

Luzerne Rubber Co., Muirhead Ave., 
Trenton 7, N.J. 

Lynchburg Foundry Co., Castings Div., 
Courtland Bidg., Lynchburg, Va. 
Lyndon Machine Products Co., Inc., 
18564 Fitzpatrick Ave., Detroit 28, 

Mich. 

Lynn Casting Corp., 2609 N San 

Fernando Blivd., Burbank, Calif. 


M & S Mfg. Co., 220 Main St., Hud- 
son, Mich. 

Maas & Waldstein Co., 2121 McCarter 
Hwy., Newark 2, N.J. 
Macaulay, H.C. Foundry Co., 811 
Carlton St., Berkeley 10, Calif. 
MacDermid Inc., 526 Huntingdon Ave., 
Waterbury 20, Conn. 

Machine Products Corp., 125 Hollier 
Ave., Dayton, Ohio 

Machinery Forging Co., 5430 Hamilton 
Ave., Cleveland 14, Ohio 

Machinery Products Corp., 2020 N 
Major Ave., Chicago 39, Ill. 

Machinery Products Co. of Lancaster, 
317 E Fulton St., Lancaster 10, Pa. 

Mac-It Parts Co., 275 E Liberty St., 
Lancaster, Pa. 
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Mack Molding Co., Wayne, NJ. 

MacKenzie-Walton Co., 478 Pawtucket 
Ave., Pawtucket, R.1. 

Macwhyte Co., 2906 14th Ave. Ken. 
osha, Wis. 

Madison Foundry Co., 935 Addisop 
Rd., Cleveland 3, Ohio 

Madison Kipp Corp., 201 Waubesa st_ 
Madison 10, Wis. 

Magic Chemical Co., 121 Crescent St. 
Brockton 2, Mass. 

Magic Iron Cement Co., 5403 Bower 
Ave., Cleveland 27, Ohio 

Magirl Foundry & Furnace Co., 413 £ 
Oakland Ave., Bloomington, Ii|, 

Magline, Inc., 1960 Mercer, Pincon- 
ning, Mich. 

Magna Mfg. Co., Inc., 
Haskell, N.J. 

Magnesium Co. of America, 5222 Ip. 
dianapolis Bivd., East Chicago, 11, 

Magnesium Elektron, Inc., 630 5th 
Ave., New York 20, N.Y. 

Magnesium Products of Milwaukee, 
Inc., 748 W Virginia St., Milwav- 
kee 4, Wis. 

Magnetic Core Corp., John & Law- 
rence Sts., Newburgh, N.Y. 

Magnetic Powders, Inc., 
Ave., Johnsonburg, Pa. 

Magnetic Stamping Co., Fairview Ave., 
Johnsonburg, Pa. 

Magnode Products, Inc., P.0. Box 292, 
Trenton, Ohio 

Magnuson Products Corp., 50 Court 
St., Brooklyn 1, N.Y. 

Mahon, R.C. Co., 6565 E 8 Mile Rd., 
Detroit 34, Mich. 

Main Screw Machine Products, Inc., 
58 Lafayette St., Waterbury, Conn. 

Malleable Iron Fittings Co., Branford, 
Conn. 

Mallory, P.R. & Co., Inc., 3033 E 
Washington St., Indianapolis 6, Ind. 

Mallory-Schwarzkopf Metals, Inc., 320 
Yonkers Ave., Yonkers, N.Y. 


Mallory-Sharon Metals Corp., 
(Ad p 137) 

980 Warren Ave., Niles, Ohio 

Malone Bronze Powder Works, Inc., 
Malone, N.Y. 

Malone Metal Powders, Inc., Rte 
202, Flemington, N.J. 

Maloney, F.H. Co., 2301 Texas Ave., 
P.O. Box 1777, Houston 1, Tex. 
Malvern Brick & Tile Co., P.0. Box 

415 Malvern, Ark. 

Manco Products, Inc., 2401 Schaefer 
Rd., Melvindale, Mich. 

Manganese Steel Forge Co., Richmond 
St. & Castor Ave., Philadelphia 34, 
Pa. 

Manhattan Adhesives Corp., 425 Green- 
point Ave., Brooklyn 22, N.Y. 

Mannesmann-Easton Plastic Products 
Co., Inc., 900 Line St., Easton, Pa. 

Manor Die Cast Corp., P.0. Box 386, 
Bedford, Ohio 

Mansfield Brass & Aluminum Corp., 
287 N Diamond St., Mansfield, 
Ohio 

Manso! Ceramics Co., 140 Little St., 
Belleville 9, NJ. 

Mantel Screw Products Co., 3200 W 
Viiet St., Milwaukee 8, Wis. 

Manufacturers Corp., 104 Ausdale 
Ave., Mansfield, Ohio 

Manufacturers & Fabricators, Inc., 
Filbert St., Elyria, Ohio 

Manufacturers Iron Foundry, Inc., 785 
Union Ave., Bridgeport, Conn. 

Manufacturers Service, Inc., 11440 
Brookpark Rd., Cleveland 30, Ohio 

Marblette Corp., 37-31 30th St., 
Long Island City 1, N.Y. 

Marka! Co., 3052 W Carroll Ave., 
Chicago 12, Ill. 

Marlane Development Co., Inc., 153 E 
26th St., New York 10, N.Y. 

Marquette Mfg. Co., Inc., 307 E 
Hennepin Ave., Minneapolis, Minn. 

Marquette Metal Products Co., 1145 
Galewood Dr., Cleveland 10, Ohio 


4th Ave. 


Fairview 











Marscw Mfg. Co., 2901 S Halsted 
St., Chicago 8, Ill. 

Marshall Car Wheel & Foundry Co., 
Inc., 605 Greenwood Ave., Marshall, 
Tex. 

Martin Rubber Co., Inc., Long Branch 
Ave., Long Branch, N.J. 

Masco Screw Products Co., 12825 
Ford Rd., Dearborn, Mich. 

Masland Duraleather Co., Amber & 
Willard Sts., Philadelphia 34, Pa. 

Mason Envelope Co., Inc., 536 Broad- 
way, New York 12, N.Y. 

Masonite Corp., 111 W Washington 
St., Chicago 2, Ill. 

Massachusetts Screw Mfg. Co., 9 W 
3rd St., South Boston 27, Mass. 
Massillon Steel Casting Co., Box 388, 

Massillon, Ohio 

Master Chrome Service, Inc., 5709 
Herman Ave., Cleveland 2, Ohio 

Matthiessen & Hegeler Zinc Co., 9th 
& Sterling Sts., La Salle, Ill. 

Maumee Machine & Tool Corp., 2501 
Lagrange St., Toledo 8, Ohio 

May, Inc., 5803 Alice Rd., Houston 
5, Tex. 

Maynard Mfg. Co., 22755 Shakespeare 
Ave., East Detroit, Mich. 

Mayon Plastics, 415 17th Ave. N, 
Hopkins, Minn. 

Mayville Metal Products Co., 104 
Highland St., Mayville, Wis. 

Maze, W.H. Co., 1207 Water St., 
Peru, Ill. 

McCarter Iron Works, Inc., Norris- 
town, Pa. 

McCrady Refractories, Inc., P.O. Box 
11566, Pittsburgh 38, Pa. 

McDanel Refractory Porce- 

lain Co., (Ad p 252) 

510 9th Ave., Beaver Falls, Pa. 


McDougall Butler Co., Inc., 2929 Main 
St., Buffalo 14, N.Y. 
McDowell Mfg. Co., 301 Stanton 
Ave., Pittsburgh 9, Pa. 
McGean Chemical Co., 1040 Midland 
Bidg., Cleveland 15, Ohio 
McGraw-Edison Co., 5201 W 65th 
St., Chicago, Ill. 
Illinois Edison Porcelain Div., Ma- 
comb, Ill. 
Line Material Industries Div., N 
Burson St., East Stroudsburg, Pa. 
Mc Gregor-Michigan Corp., 5818 Ri- 
vard, Detroit 11, Mich. 
McInnes Steel Co., 441 E Main St., 
Corry, Pa. 
McKay Co., 481 McKay Bidg., Pitts- 
burgh, Pa. 
McKinney Mfg. Co., 1715 Liverpool 
St., Pittsburgh 33, Pa. 
McLanahan & Stone Corp., 200 Wall 
St., Hollidaysburg, Pa. 
McLouth Steel Corp., 300 S Livernois 
Ave., Detroit 17, Mich. 
McMahon Bros. Machine Works, Inc., 
3200 S 61st Court, Cicero 50, Ill. 
McNally Pittsburg Mfg. Co., P.O. 
Drawer D., Pittsburg, Kan. 
Meaden Screw Products Co., 3010 S 
Kilbourn Ave., Chicago 23, Ill. 
Meadville Malleable Iron Co., Mead- 
ville, Pa. 
Mearl Corp., 124 E 40th St., New 
York 16, N.Y. 
Measuregraph Co., 4245 Forest Park 
Bivd., St. Louis 8, Mo. 
Mechanical Art Works, Inc., 96-98 
Monroe St., Newark 5, N.J. 
Mechanical Felt & Textiles Co., 50 
W 18th St., Weehawken, N.J. 
Mechanical Leathers, Inc., 2204 E 
Butler St., Philadelphia 37, Pa. 
Mechanical Plating Co., 1500-26 W 
Hubbard St., Chicago 22, Ill. 
Mechanical Rubber Products Co., War- 
wick, N.Y. 

Mechanical Steel Tubing Corp., 500 
Barry St., New York 59, N.Y. 
Medico Industries, Inc., 11-13 Tomp- 

kins St., Pittston, Pa. 
Meehanite Metal Corp., 714 North 
Ave., New Rochelle, N.Y. 





Meeker Foundry Co., Newark 4, N.J. 

Meier Screw Products & Mfg. Co., 
19361 Sherwood Ave., Detroit, Mich. 

Meico Wire Products, 4407 San Fer- 
nando Rd., Glendale 4, Calif. 

Melling Forging Co., 1709 Thompson 
St., Lansing 3, Mich. 

Melray Mfg. Co., 9240 Chestnut Ave., 
Franklin Park, Ill. 

Mercast Mfg. Corp., 2620 Ist St., 
La Verne, Calif. 

Merit Screw Machine Products Co., 
Inc., 4847 W Lake St., Chicago 44, 
Ill. 

Merit Specialties Co., Inc., 203-205 
E Davis St., St. Louis 11, Mo. 
Merix Chemical Co., 1021 E 55th 

St., Chicago 15, Ill. 

Merrimac Brass, 22 High St., Merri- 
mac, Mass. 

Merriman Bros., Inc., 185 Amory 
St., Boston 30, Mass. 

Merz Machine & Tool Works, 920 N 
Main St., Crown Point, Ind. 

Mesa Plastics Co., 11751 Mississippi 
St., Los Angeles 25, Calif. 

Metal Coating Corp., 1215 W 37th 
St., Chicago 9, Ill. 

Metal Finishers, Inc., 78 S Franklin- 
town Rd., Baltimore 23, Md. 

Metal Forming Corp., 1937 Sterling 
Ave., Elkhart, Ind. 

Metal Goods Corp., 6211 Cedar 
Springs Rd., Dallas 35, Tex. 

Metal Goods Corp., 8800 Page Blvd., 
St. Louis 14, Mo. 

Metal Hydrides, Inc., 12 Congress St., 
Beverly, Mass. 

Metal Mold Magnesium Corp., 95 
Hamilton St., Cedarburg, Wis. 

Metal Parts & Stamping Co., 1120 
Eastern Ave., Cincinnati, Ohio 

Metal Textile Corp., Mist Eliminator 
Div., 647 E 1st Ave., Roselle, N.J. 

Metal Trims, Inc., Livingston Rd., 
Jackson, Miss. 

Metal & Thermit Corp., Woodbridge 
Ave. at Randolph Ave., Rahway, N.J. 

Metal-Cladding, Inc., P.O. Box 544, 
North Tonawanda, N.Y. 

Metallized Carbon Co., 19 S Water 
St., Ossining, N.Y. 

Metallizing Co. of America, 3520 W 
Carroll Ave., Chicago 24, Iil. 

Metallizing Co. of Los Angeles, Inc., 

1233 S Boyle Ave., Los Angeles 23, 

Calif. 


Metallizing Engineering Co., 
Inc. (Ad pp 128, 280, 
291) 

Prospect Ave., Westbury, N.Y. 

Metallurgical Products Co., 35th & 
Moore Sts., Philadelphia, Pa. 

Metalplate Co., Inc., 757 North 44th 
St., Birmingham 6, Ala. 

Metals & Controls Corp., General 
Plate Div., 50 Forest St., Attleboro, 
Mass. 

Metals Disintegrating Co., P.O. Box 
290, Elizabeth, N.J. 

Metalweld, Inc., Protective Coating 
Div., Scotts Lane & Abbottsford 
Ave., Philadelphia, Pa. 

Metaplast Process, Inc., 34-51 56th 
St., Woodside, N.Y. 

Met-L-Wood Corp., 6755 W 65th St., 
Chicago 38, Ill. 

Metropolitan Iron Foundry, 890 Met- 
ropolitan Ave., Brooklyn 11, N.Y. 

Meyer, J. & Sons, Inc., 4321 N 4th 
St., Philadelphia 40, Pa. 

Mica Fabricating Co., 53 Central Ave., 
Rochelle Park, N.J. 

Micacraft Products, Inc., 701 Mo- 
Carter Hwy., Newark, N.J. 

Michelman Chemicals, Inc., 6316 Wie- 
hee Rd., Cincinnati, Ohio 

Michigan Chrome & Chemical Co., 
8615 Grinnell Ave., Detroit 13, 
Mich. 

Michigan Leather Products Co., 6307 
E Lafayette Ave., Detroit 7, Mich. 

Michigan Plastic Products, Inc., Rob- 
bins Rd., Grand Haven, Mich. 










Michigan Powdered Metal Products 
Co., 456 E Cady St., Northville, 
Mich. 

Michigan Seamless Tube Co., South 
Lyon, Mich. 

Michigan Wire Cloth Co., 2100 How- 
ard St., Detroit 16, Mich. 

Mico Corp., 4031 Elenda, Culver 
City, Calif. 

Micro Metallic Corp., 30 Sea Cliff 
Ave., Glen Cove, N.Y. 

Micro Products Corp., 4116-18 Olive 
St., St. Louis 8, Mo. 

Micro-Metals Co., 52 E Montecito 
Ave., Sierra Madre, Calif. 

Midland Adhesive & Chemical Corp., 
2600 Goodrich, Ferndale 20, Mich. 


Midiand Industrial Finishes 
Co., (Ad p 285) 

E Water St., Waukegan, Ill. 

Midland Pipe & Supply Co., 2829 S 
61st St., Cicero 50, Il. 

Mid-States Rubber Products,  Inc., 
1230 Race St., Princeton, Ind. 

Mid-States Steel & Wire Co., Craw- 
fordsville, Ind. 

Midvale-Heppenstall Co., 
Philadelphia 40, Pa. 

Midwest Molding & Mfg. Co., Gurnee, 
Ill. 

Midwest Piping Co., Inc., 2nd & 
Barry Sts., St. Louis 4, Mich. 

Midwest Plastic Products Co., 1801 
Chicago Rd., Chicago Heights, III. 

Midwest Precision Castings Co., 1070- 
903 Quincy Ave., Cleveland 6, Ohio 

Mid-West Screw Products Co., 3662 
Park Ave., St. Louis 10, Mo. 

Midwest Screw Products, Inc., 1641 
Coit Ave., East Cleveland 12, Ohio 

Midwest Sintered Products Corp., 
13606 S Halsted St., Chicago 27, 
Ill. 

Midwest Stamping & Mfg. Co., Krauss 
Rd., Bowling Green, Ohio 

Mid-West Wire Products Co., Inc., 
2555 Fenkell Ave., Detroit 38, 
Mich. 

Midwestern Foundries, Inc., 614 E 
Quincy, Garrett, Ind. 

Milford Automatics, Inc., 1553 Boston 
Post Rd., Milford 15, Conn. 

Milford Rivet & Machine Co., Milford, 
Conn. 

Milled Screw Product Co., 2016- 
2026 W Lake St., Chicago 12, Ill. 

Miller Co., 99 Centre St., Meriden, 
Conn. 

Millers’ Brass Fitting Co., Inc., 30 
Main St., Brooklyn 1, N.Y. 

Milwaukee Aluminum & Brass Found- 
ry, 643 S 2nd St., Milwaukee 4, 
Wis. 

Milwaukee Die Casting Co., 4134 N 
Holton St., Milwaukee 12, Wis. 
Milwaukee Forge & Machine Co., 1532 
E Oklahoma Ave., Milwaukee 7, 

Wis. 

Milwaukee Machine Products Co., 3889 
N Ist St., Milwaukee 12, Wis. 

Milwaukee Malleable & Grey Iron 
Works, 2773 S 29th St., Milwaukee 
46, Wis. 

Milwaukee Stamping Co., 800-S 72nd 
St., Milwaukee 14, Wis. 

Milwaukee Valve Co., 2375 S. Bur- 
rell St., Milwaukee 7, Wis. 

Mimosa Corp., 211 Covert Ave., 
Evansville, Ind. 

Minimax Co., 5905 N Clark St., Chi- 
cago 26, Ill. 

Minneapolis Electric Stee! Casting 
Co., 3800 NE 5th St., Minneapolis 
21, Minn. 

Minneapolis Honeywell! Regulator Co., 
2753 4th Ave., S, Minneapolis 8, 
Minn. 

Minnesota Mining & Mfg. Co., 900 
Bush Ave., St. Paul 6, Minn. 
Adhesives, Coatings & Sealers Div., 
411 Piquette Ave., Detroit 2, 

Mich. 
Irvington Varnish & Insulator Div., 
Irvington, N.J. 


Nicetown, 
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Mica Insulator Div., 797 Broadway, 
Schenectady 1, N.Y. 


Reinforced Plastics Div., 
(Ad pp 206-207) 
900 Fauquier Ave., St. Paul 6, 
Minn. 

Zenith Plastics Co., Box 91, Gar- 
dena, Calif. 


Minnesota Paints, Inc., 1101 S 3rd 
St., Minneapolis 15, Minn. 

Minnesota Plastics Corp., 45 E Mary- 
land Ave., St. Paul 3, Minn. 

Minnesota Platon Corp., Hwy 23, 
Northeast Pipestone, Minn. 

Minnesota Rubber Co., 3630 Wooddale 
Ave., Minneapolis 16, Minn. 

Mirro Aluminum Co., 1512 Washing- 
ton St., Manitowoc, Wis. 

Misco Precision Casting Co., 116 W 
Gibbs, Whitehall, Mich. 

Misner Corp., 940 N 23rd St., Omaha 
2, Neb. 

Missouri Boiler & Sheet Works, 23rd 
& Papin Sts., St. Louis 3, Mo. 

Missouri Diecasting Co., 1411 N 17, 
St. Louis 6, Mo. 

Missouri Rolling Mill Corp., 6800 
Manchester Ave., St. Louis 10, 
Miss. 

Missouri Steel Castings Co., 905 E 3rd 
St., Joplin, Mo. 

Mitchell & Scott Machine Co., Inc., 
1841 Ludlow Ave., Indianapolis 7, 
Ind. 

Mitchell-Bradford Chemical Co., Wam- 
pus Lane, Milford, Conn. , 


Mobay Chemical Co., (Ad p 
199) 


1815 Washington Rd., Pittsburgh 
34, Pa. 

Mobile Paint Mfg. Co., Inc., 854 S$ 
Conception St., Mobile, Ala. 

Moczik Tool & Die Works, 9511 Grin- 
nell, Detroit 13, Mich. 

Model Brass Co., Inc., 232-40 E 
Decatur St., Decatur, Ill. 

Modern Brass Foundry & Mfg. Co., 
157 Thurman St., Columbus 6, Ohio 

Modern Plating Corp., 121-129 S 
Hancock Ave., Freeport, Ill. 

Modern Screw Products Co., 2307 N 
9th St.. St. Louis 6. Mo. 

Modiglass Fibers, Inc., Nicolet Ave., 
Florham Park, N.J. 

Moldcast Products, Inc., Pacific St., 
Newark 5, N.J. 


Molded Fiber Glass Co., (Ad 
p 364) 
4401 Benefit Ave., Ashtabula, Ohio 
Moldex, 747 5th Ave., New York 22, 
N.Y. 
Moline Malleable Iron Co., St. Charles 
5, it. 
Monarch Aluminum Mfg. Co., 
(Ad p 336) 
9205 Detroit Ave., Cleveland 2, 
Ohio 
Monarch Products Co., Leake Stamp- 
ing Div., 1259 E Ist St., Monroe, 
Mich. 
Monarch Tool & Mfg. Co., 105 E 
4th St., Covington, Ky. 
Monroe Steel Castings Co., 917 W 
Front, Monroe, Mich. 
Monsanto Chemical Co., 600 Monsanto 
Ave., Springfield, Mass. 
Organic Chemicals  Div., 
(Ad p 283) 
Lindbergh & Olive St. Rd., St. 
Louis 24, Mo. 
Plastics Div., Springfield 2, Mass. 


Montague Machine Co., 15th St., 
Turners Falls, Mass. 

Monteath, J.H. Co., 2504 Park Ave., 
New York, N.Y. 

Moody Machine Products Co., Inc., 42 
Dudley St., Providence 5, R.I. 

Moore, George W., Inc., 100 Beaver 
St., Waltham 54, Mass. 

Moore, Samuel & Co., Mantua, Ohio 

Moore Dry Dock Co., Adeline St., 
Oakland 23, Calif. 






































Morganite, Inc., 3302 48th Ave., 
Long Island City 1, N.Y. 

Morningstar-Paisley, Inc., 630 W 5lst 
St., New York 19, N.Y. 

Morrell, George Corp., P.0. Box 155, 
Muskegon Heights, Mich. 

Morrison Steel Products, Inc., 601 
Amherst St., Buffalo 7, N.Y. 

Morrisville Foundry Co., Inc., Morris- 
ville, Vt. 

Morse, Fred W. Co., 309 S Main St., 
Providence 3, R.I. 

Mosinee Paper Mills Co., (Ad 
Pp 250) 
Mosinee, Wis. 

Mount Vernon Die Casting Corp., 
Southfield Ave., Stamford, Conn. 
Mount Vernon Furnace & Mfg. Co., 

Mount Vernon, Ill. 
Muehlstein, H. & Co., Inc., 60 E 
42nd St., New York 17, N.Y. 


Mueller Brasss Co., (Ad p 
357) 
1925 Lapeer Ave., Port Huron, 
Mich. 


Mueller Machine Products, Inc., 3807 
S Packard Ave., Milwaukee 7, Wis. 

Multiple Extrusions, Inc., 1150-1200 
E 8th St., Winona, Minn. 

Muncie Malleable Foundry Co., E 
Highland Ave., Muncie, Ind. 

Muncie Metal Spinning, Inc., 3000 S 
Hackley St., Muncie, Ind. 

Mundt, Charles & Sons, 53 Fairmount 
Ave., Jersey City 4, N.J. 

Murray, A.B. Co., Inc., 
476, Elizabeth, N.J. 

Murray Tube Works, Inc., P.O. Box 
476, Elizabeth, N.J. 

Muskegon Piston Ring Co., 
Foundry Div., Sparta, Mich. 

Mycalex Corp. of America, 125 Clifton 

Bivd., Clifton, N.J. 
Synthetic Mica Co. Div., 20 Passaic 
Ave., Caldwell, N.J. 

Mystik Adhesive Products, Inc., 2635 

N Kildare Ave., Chicago 39, Ill. 


Nalge Co., Inc., 625 S Goodman St., 
Rochester 2, N.Y. 

Napoleon Products Co., 410 Filmore 
St., Napoleon, Ohio 

Narmco Resins & Coatings Co., 600 
Victoria St., Costa Mesa, Calif. 

Narragansett Boiler Works, Inc., 614 
S Main St., Providence 3, R.I. 

National Acme Co., 170 E 131st St., 
Cleveland 8, Ohio 

National Aluminum Co., 1133 Alum 
Creek Dr., Columbus 9, Ohio 

National Aluminum Co., Inc., 
Edgewood Ave., Racine, Wis. 

National Aluminum & Brass Foundry, 


P.O. Box 


Sparta 


1912 


Inc., 1311 W Elm St., Inde- 
pendence, Mo. 
National Aluminum Mfg. Co., 720 


Park Ave., Peoria, Ili. 

National Brass Works, Inc., 2140 E 
25th St., Los Angeles 58, Calif. 
National Casein Co., 601 W 80th St., 

Chicago 20, Ill. 

National Copper & Smelting Co., 1862 
E 123rd St., Cleveland 6, Ohio 
National Distillers & Chemical Corp., 
U. S. Industrial Chemicals Co. Div., 
99 Park Ave., New York 16, N.Y. 
National Electric Products Corp., 2 
Gateway Center, Pittsburgh 22, Pa. 
National Felt Co., 76 Summer St., 

Boston 10, Mass. 

National Forge & Ordnance Co., Irvine, 
Warren County, Pa. 

National Galvanizing Co., Neville Is- 
land, Pittsburgh 25, Pa. 

National Gasket & Washer Mfg. Co., 
Inc., 124 E 25th St., New York 
10, N.Y. 

National Grey Iron Foundry, Belvidere, 
Ill. 

National Iron Co., 50th Ave. W & 
Famsey St., Duluth 7, Minn. 
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Addresses of Suppliers 


National Lead Co., 111 Broadway, 
New York 6, N.Y. 

Doehler-Jarvis Corp., Toledo 1, Ohio 

Titanium Alloy Mfg. Div., 2950 
Hyde Park Blivd., Niagara Falls, 
N.Y. 

Zirconium Metals Corp. of America 
Sub., 2950 Hyde Park Blvd., 
Niagara Falls, N.Y. 

National Lead Construction Co., Inc., 

P.O. Box 133, Haddonfield, N.J. 

National Lock Co., Fastener Div., 
4500 Kishwaukee St., Rockford, Ill. 

National Lock Washer Co., 40 Hermon 
St., Newark 5, N.J. 

National Machine Products Co., 44225 
Utica Rd., Utica, Mich. 

National Malleable & Steel Castings 
Co., 10300 Quincy Ave., Cleveland 
6, Ohio 

National Mfg. Corp., 153 Fillmore 
Ave., Tonawanda, N.Y. 

National Metal Products Co., 2 Gate- 
way Center, Pittsburgh 22, Pa. 
National Molded Products, Inc., 40 

St. Marys St., St. Marys, Pa. 

National Moldite Co., 250 South St., 
Newark 5, N.J. 

National Paint & Manganese Co., 
Lynchburg, Va. 

National Polymer Products, Inc., 125 
N 4th St., Reading, Pa. 

National Research Corp., 70 Memorial 
Dr., Cambridge 42, Mass. 

National Screw & Mfg. Co., 2440 E 
75th St., Cleveland 4, Ohio 

National Starch Products, Inc., Struc- 
tural Products Div., 750 3rd Ave., 
New York 17, N.Y. 


National Steel Corp., Grant Bldg., 
Pittsburgh, Pa. 
Enamelstrip Corp. Sub., 20th & 


Hamilton Sts., Allentown, Pa. 
Great Lakes Steel Corp., Tecumseh 


Rd. at West Jefferson, Ecorse, 
Mich. 
Weirton Steel Co., (Ad p 
71) 


Weirton, W. Va. 


National Steel & Shipbuilding Corp., 
Harbor Dr. & 28th St., San Diego 
12, Calif. 

National Supply Co., 2 Gateway 

Center, Pittsburgh 22, Pa. 
Industrial Products Div., P.O. Draw- 
er 28, Torrance, Calif. 

National Tank Co., Wells & Sandspring 
Rd., Tulsa, Okla. 

National Telephone Supply Co., 5100 
Superior Ave., Cleveland 3, Ohio 


National Vulcanized Fibre 
Co., (Ad p 225) 
Box 311, Wilmington 99, Del. 


National-Standard Co., Howard & 8th 

Sts., Niles, Mich. 

Athenia Stee! Div., 
Clifton, N.J. 

National Standard Div., 1939 Ward 
Rd., Niles, Mich. 

Reynolds Wire Div., 809 E 2nd St., 
Dixon, Ill. 

Worcester Wire Works Div., 70 
James St., Worcester, Mass. 
National-U. S. Radiator Corp., Plastic 
Metals Div., 4458A Bridge St., 

Johnstown, Pa. 

Naugatuck Automatics, Inc., New 
Haven Rd., Naugatuck, Conn. 

Neenah Foundry Co., Winneconne Ave., 
Neenah, Wis. 

Neilson Chemical Co., 2300 Gainsboro, 
Ferndale 20, Mich. 

Nesbitt Industries, Inc., 1823 Mil- 
waukee Ave., Chicago 47, Ill. 
Nesor Alloy Products Co., 282 Halsey 

St., Newark, N.J. 
New Britain Machine Co., South St., 
New Britain, Conn. 
New England Brass Co., 
Ave., Taunton, Mass. 
New England Electrical Works, Inc., 
365 Main St., Lisbon, N.H. 


Clifton Ave., 


16 Parks 
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New England Laminates Co., 
Inc., (Ad p 220) 
P.O. Box 43, 481 Canal St., Stam- 
ford, Conn. 


New England Smelting Works, Inc., 
502 Union St., West Springfield, 
Mass. 

New England Tape Co., Inc., 40 
Tower St., Hudson, Mass. 

New Haven Copper Co., 
Seymour, Conn. 

New Haven Screw Machine Products, 
Inc., 561 Boston Post Rd., Milford, 
Conn. 

New Jersey Aluminum Extrusion Co., 
Inc., Jersey Ave., New Brunswick, 
N.J. 

New Jersey Metals Co., 712 Rocke- 
feller St., Elizabeth 2, NJ. 


New Jersey Zinc Co., (Ad p 
325) 
160 Front St., New York 38, N.Y. 


New Products Corp., 448 North Shore 
Ave., Benton Harbor, Mich. 

New York Air Brake Co., Kinney Mfg. 
Div., 3529 Washington St., Boston 
30, Mass. 

New York Iron Roofing & Corrugating 
Co., Inc., 94 Ist St., Jersey City 
2, ee 

Newage Industries, Inc., 
Rd., Jenkinstown 3, Pa. 

Newark Wire Cloth Co., 351 Verona 
Ave., Newark 4, N.J. 

Newman Bros., Inc., 670 W 4th St., 
Cincinnati, Ohio 

Newman-Crosby Steel Co., Deane St., 
Pawtucket, R.I. 

Newport Steel Corp., 9th & Thomas 
Sts., Newport, Ky. 

Newth Rubber Co., County Rd., Bar- 
rington, R.I. 

Newton-New Haven Co., 680 3rd Ave., 
West Haven, Conn. 

Newtown Mfg. Co., Newtown, Conn. 

Ney, J.M. Co., Industrial Div., P.O. 
Box 990, Hartford 1, Conn. 

Nichols, L.O. & Son Mfg. Co., 1625 
Locust St., Kansas City 8, Mo. 

Nichols Wire & Aluminum Co., 1725 
Rockingham Rd., Davenport, lowa 

Nicoud Mfg. Co., 3220 Grand Ave., 
Chicago 51, Ill. 

Nigg Engineering Corp., 545 N 2nd 
Ave., Corina, Calif. 

Nikoh Tube Co., 5000 S Whipple St., 
Chicago 32, Ill. 

Nikolas, G.J. & Co., Inc., 2890 
Washington Blvd., Bellwood, III. 
Nilsen Mfg. Co., Electronicast Div., 

21 N Church St., Addison, Ill. 

Nixon Nitration Works, Nixon, N.J. 

Noble & Wood Machine Co., Ist St., 
Hoosick Falls, N.Y. 

Noera Mfg. Co., 236 Grand St., 
Waterbury 20, Conn. 

Noland Tank & Galvanizing Co., 705 
Merritt Ave., Nashville 4, Tenn. 
Nolte Screw Machine Products Co., 
1534-36 Freeman Ave., Cincinnati 

14, Ohio 

Nopco Chemical Co., 
Sts., Harrison, N.J. 

Norcross, C.S. & Sons Co., Dean & 
Davis Sts., Bushnell, Ill. 

Norgren-Stemac, Inc., 5400 S Dela- 
ware, Littleton, Ohio 

Norrich Plastics Corp., 107-109 W 

18th St., New York, N.Y. 
Screw Machine Products Div., 107- 
109 W 18th St., New York, N.Y. 

North American Asbestos Corp., Board 
of Trade Blidg., Chicago 4, Ill. 

North American Phillips Co., Inc., 
Elmet Div., Lewiston, Me. 

North American Refractories Co., 
1012 National City-E 6th Bidg., 
Cleveland 14, Ohio 

North & Judd Mfg. Co., Wilcox- 
Crittenden Div., Middletown, Conn. 

North Wales Foundry Co., Inc., Wes- 
sahickon Ave., North Wales, Pa. 


Main St., 
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Northern Malleable Iron Co., 867 
Forest St., St. Paul 6, Minn. 

Northern Plastics Corp., 2nd & Market 
St., La Crosse 9, Wis. 

Northwest Automatic Products Corp., 
1770 Linden Ave., Minneapolis 3, 
Minn. 

Northwest Plastics Industries, Inc., 
2040 15th Ave. W, Seattle 99, 
Wash. 

Northwestern Machine Corp., 
Hadley St., St. Louis 7, Mo. 

Northwestern Steel & Wire Co., Ave. 
B & Wallace St., Sterling, Iil. 

Norton Co., (Ad p 288) 
New Bond St., Worcester 6, Mass. 


Norwalk Powdered Metals, Inc., P.O. 
Box 271, Muller Park, Norwalk, 
Conn. 

Norwich Leather Co., 
St., Norwich, Conn. 

Nukem Products Corp., 111 Colgate 
Ave., Buffalo 20, N.Y. 

Nu-Ply Corp., Bemidji, Minn. 

Nutmeg Crucible Steel Co., Elm & 
Harbor Sts., Branford, Conn. 

Nutmeg Screw Machine Products Co., 
Wolcott Rd., Wolcott, Conn. 

Nutt-Shel Co., 811 Airway, Glendale 
1, Calif. 


Oo 


Oak Hill Foundry & Machine Works, 
Box 278, Oak Hill, Ohio 

Oakes Bronze & Aluminum Co., Bronze 
Rd., Warren, Ohio 

Oakite Products, Inc., 19 Rector St., 
New York 6, N.Y. 

Oakland Foundry & Machine Co., 607- 


3014 


685 N Main 


621 Woodward Ave., Rochester, 
Mich. 
Oatey, L.R. Co., 10230 Berea Rd., 


Cleveland 2, Ohio 
Octagon Process, Inc., 63 Bank St., 
Staten Island 1, N.Y. 
Ohio Adhesives Corp., P.O. Box 466, 
New Philadelphia, Ohio 
Ohio Carbon Co., (Ad p 340) 
12508 Berea Rd., Cleveland 11, 
Ohio 
Ohio Forge & Machine Corp., 3010 
Woodhill Rd., Cleveland 4, Ohio 
Ohio Metal Products Co., 35 N Bates 
St., Dayton 2, Ohio 
Ohio Nut & Bolt Co., 33 Ist Ave., 
Berea, Ohio 
Ohio Nut & Washer Co., Box 66, 
Mingo Junction, Ohio 
Ohio Precision Castings, Inc., 109 
Webb St., Dayton 3, Ohio 
Ohio Rubber Co., 301 Ben Hur Ave., 
Willoughby, Ohio 
Ohio Screw Products, Inc., 818 West 
St., Elyria, Ohio 
Ohio Steel Foundry Co., 1075 James 
St., Springfield, Ohio 
Oil City Iron Works, S 12th St. & 
SPRR, Corsicana, Tex. 
Olderman Mfg. Corp., P.O. Box 917, 
Bridgeport, Conn. 
Olds Alloys Co., 4481 Mason St., 
South Gate, Calif. 
Olean Electro Plating Co., 890 N 5th 
St., Olean, N.Y. 
Olin Mathieson Chemical Corp., 460 
Park Ave., New York 22, N.Y. 
Aluminum Div., 460 Park Ave., New 
York 22, N.Y. 
Film Div., 655 Madison Ave., New 
York 21, N.Y. 
Olson Mfg. Co., 100 Prescott St., 
Worcester 5, Mass. 
Olympic Steel Works, 151 Horton St., 
Seattle 4, Wash. 
Omaha Steel Works, 609 S 48th St., 
Omaha 6, Neb. 
Omni Products Corp., 460 4th Ave., 
New York 16, N.Y. 
Omni-Metal Castings, Inc., 135 11th 
St., Brooklyn 15, N.Y. 
Orange Roller Bearing Co., Inc., 555 
Main St., Orange, N.J. 



























































































Oregon Brass Works, 1127 SE 10th 
Ave., Portland 14, Ore. 

Oregon Metallurgical Corp., P.O. Box 
484, Albany, Ore. 

Ormand Mfg. Co., Inc., 3325 Hudson 
Ave., Union City, N.J. 

Ostby & Barton Co., Flightex Fabrics, 
Inc., 148 W River St., Providence 4, 
R.I. 

O'Sullivan Rubber Corp., Valley Pike 
St., Winchester, Va. 

Ottawa Steel Products, Inc., 745 
Woodlawn Ave., Grand Haven, Mich. 

Overmyer Mould Co., Inc., N Main 
St., Winchester, Ind. 

Owen Mfg., Inc., S State Street Rd., 
Litchfield, Ill. 

Owen Pattern Foundry & Mfg. Co., 
Inc., 710 W 22nd St., Norfolk 10, 
Va. 

Owens-Corning Fiberglas Corp., 608 
Madison Ave., Toledo 3, Ohio 

Owens-Illinois Glass Co., Toledo, Ohio 


p 


Pabst Engineering Equipment Co., Inc., 
676 Pennsylvania Ave., Elizabeth 
3, NJ. 

Pacific Brass Foundry of San Fran- 
cisco, 251 2nd St., San Francisco 
5, Calif. 

Pacific Coast Foil Co., 500 Sansome 
St., San Francisco, Calif. 

Pacific Foundry Co., Ltd., 3100 19th 
St., San Francisco, Calif. 

Pacific Screw Products Co., 930 
Linden Ave., South San Francisco, 
Calif. 

Pacific Sintered Metals Co., 7728 El 
Manor Ave., Los Angeles, Calif. 
Pacific States Steel Corp., Niles, 

Calif. 

Pacific Tube Co., 5710 Smithway St., 
Los Angeles 22, Calif. 

Page Belting Co., Concord, N.H. 

Palmyra Foundry Co., Inc., Palmyra, 
N.J. 

Palnut Co., Glen Rd., Mountainside, 
N.J. 

Pan-American Metal Products Co., 
Inc., 401 NW 71st St., Miami 38, 
Fla. 

Panther Chemical Corp., P.O. Box 711, 
Ft. Worth, Texas 

Paragon Die Casting Co., 5851 W 
Dickens Ave., Chicago 39, Ill. 

Paragon Spring Co., 4613-17 W Ful- 
ton St., Chicago 44, Ill. 

Paramount Die Casting Co., St. Jo- 
seph, Mich. 

Paramount Paint & Lacquer Co., 3411 
E 15th St., Los Angeles 23, Calif. 

Park Drop Forge Co., 777 E 79th St., 
Cleveland 3, Ohio 

Parker, Charles Co., Hanover St., 
Meriden, Conn. ; 

Parker Appliance Co., Rubber Products 
Div., 17325 Euclid Ave., Cleveland 
12, Ohio 

Parker & Harper Mfg. Co., 119 Dewey 
St., Worcester 10, Mass. 

Parker Metal Goods Co., 85 Prescott 
St., Worcester, Mass. 

Parker Paint Mfg. Corp., Locust & 
Poplar Sts., Valparaiso, Ind. 

Parker Rust Proof Co., 2177 E Mil- 
waukee, Detroit 11, Mich. 

Parker, Stearns & Co., Inc., 300 Shef- 
field Ave., Brooklyn 7, N.Y 


Parker White Metal Co., (Ad 
Pp 333) 
2153 McKinley Ave., Erie, Pa. 


Parker-Hannifin Corp., Parker Seal 
Div., 17325 Euclid Ave., Cleveland 
12, Ohio 

Parker-Street Castings Co., Broadway 
& Chaincraft Rd., Cleveland 25, 
Ohio 

Parkwood Laminates, Inc., 24 Water 
St., Wakefield, Mass. 

Patterson Foundry & Machine Co., 41 

Henene St., East Liverpool, Ohio 








Pattin Mfg. Co., Box 527, Marietta, 
Ohio 

Paulson, Thomas & Son, Inc., 450 
Union St., Brooklyn 31, N.Y 

Pawling Rubber Corp., Pawling, N.Y. 

Payne, F.S. Co., 75 Richdale Ave., 
Cambridge 40, Mass. 

Peasley Products, Inc., 993 Honeyspot 
Rd., Stratford, Conn. 

Peck Spring Co., Whiting St., Plain- 
ville, Conn. 

Pecora Inc., 300-400 W Sedgley Ave., 
Philadelphia 40, Pa. 

Peerless Alloy Co., 1445 Osage St., 
Denver 4, Colo. 

Peerless Automatic Machine Co., 1970 
W 77th St., Cleveland 2, Ohio 

Peerless Industries, Inc., P.O. Box 
318, Plymouth, Mich. 

Peerless Products Industries, 812-14- 
16 N Pulaski Rd., Chicago 51, Ill. 
Peerless Roll Leaf Co., Inc., 4511 
New York Ave., Union City, N.J. 
Pelron Corp., 7847 W 47th St., 

Lyons, Iil. 

Pelton Stee! Casting Co., 148 W 
Dewey PI., Milwaukee 7, Wis. 

Pemco Corp., Eastern & Pemco Aves., 
Baltimore, Md. 

Pemco Wheel Co., 1872 Ravine Rd., 
Kalamazoo, Mich. 

Penberthy Instrument Co., 4301 6th 
Ave. S, Seattle 8, Wash. 

Pencoyd Steel & Forge Corp., 3720- 
40 Main St., Philadelphia 27, Pa. 
Peninsular Steel Co., P.O. Box 3853, 
Parkgrove Sta., Detroit 5, Mich. 
Penn Brass & Copper Co., 3837 W 

20th St., Erie, Pa. 

Penn Extrusion Corp., 3837 W 20th 
St., Erie, Pa. 

Penn Fibre & Specialty Co., Inc., 
2024 E Westmoreland St., Phila- 
delphia 34, Pa. 

Penn Metal Co., Inc., P.O. Box 1480, 
Parkersburg, W. Va. 

Penn Metal Co., Inc., 40 Central St., 
Boston 9, Mass. 

Penn Precision Products, Inc., 501 
Crescent Ave., Reading, Pa. 

Penn Steel Castings Co., Front & 
Penn Sts., Chester, Pa. 

Pennsalt Chemicals Corp., 3 Penn 
Center, Philadelphia 2, Pa. 

Pennsylvania Engineering Corp., P.O. 
Box 311, New Castle 17, Pa. 

Pennsylvania Malleable Iron Corp., 
712 S Prince St., Lancaster, Pa. 

Pennsylvania Range Boiler Co., 24th 
& Ellsworth Sts., Philadelphia 46, 
Pa. 

Penrod, Floyd & Sons Tool & Engi- 
neering Corp., 1208 W 2nd St., 
Murcie, Ind. 

Peoria Malleable Casting Co., 2800 
N Adams St., Peoria 1, Ill. 
Peoria Plastic Co., East Peoria, Ill. 
Pequonnock Foundry, Inc., 335 5th 
St., Bridgeport, Conn. 

Perfecto Cast, 5660 Kearney Villa Rd., 
San Diego 11, Calif. 

Perfex Plastics, Inc., 2632 S Dear- 
born, Chicago 16, Ill. 

Perkins, Henry Co., Broad St., Bridge- 
water, Mass. 

Permacel-LePage’s, Inc., U. S. Hwy. 
#1, New Brunswick, N.J. 
Permold Co., 1250 W Liberty St., 
Medina, Ohio 
Perrin, Edward C. Co., 3rd & Grant 
Sts., Camden 2, N.J. 

Perry Fay Co., 200 Perry Court, Ely- 
ria, Ohio 
Perry Plastics, Inc., 3409 W 14th 
St.. Erie, Pa. 

Perry-Austen Mfg. Co., 250 Parkin- 
son Ave., Staten Island 5, N.Y. 
Peterson Products Corp., 4848 N 
River Rd., Schiller Park, Ill. 
Pettibone Mulliken Corp., 4700 W 
Division St., Chicago 51, Ill. 
Pfaudier Co., West Ave. & Clark St., 





Rochester 3, N.Y. 


Pfister Aluminum Corp., 475 Franklin 
Tpke., Allendale, N.J. 

Phelps Dodge Copper Products Corp., 
2010 N 10th St., Philadelphia 22, 
Pa. 

Phelps Dodge Refining Corp., 40 Wall 
St., New York, N.Y. 

Pheoll Mfg. Co., 5700 W Roosevelt 
Rd., Chicago 50, Iil. 

Philadelphia Asbestos Corp., 2010 N 
10th St., Philadelphia 22, Pa. 

Philadelphia Enameling Works, Inc., 
254 N 13th St., Philadelphia 7, 
Pa. 

Philadelphia Steel & Wire Corp., Penn 
St. & Belfield Ave., Philadelphia 
44, Pa. 

Philco Corp., Dexter Foundry Div., 
501 N 8th St., Fairfield, Iowa 

Phillips, F.C. Inc., 471 Washington 
St., Stoughton, Mass. 


Phillips Chemical Co., Plas- 
tics Sales Div., (Ad pp 
221-24) 

Adams Bldg., Bartlesville, Okla. 

Philrus Products Co., 135 Newark St., 
Newark 4, N.J. 

Phoenix Die Casting Co., 21-23 Il- 
linois St., Buffalo 3, N.Y. 

Phoenix Iron & Steel Co., Front & 
Dock Sts., Harrisburg, Pa. 

Phoenix Products Co., 4715 N 27th 
St., Milwaukee 9, Wis. 

Picco, Inc., 1729 N Chico Ave., El 
Monte, Calif. 

Pierce, F.0. Co., 2-33 50th Ave., 
Long Island City 1, N.Y. 

Pierce Governor of Ohio, Inc., Asbestos 
Ave., Alliance, Ohio 

Pierce & Stevens Chemical Corp., 710 
Ohio St., Buffalo, N.Y. 

Pilgrim Plywood Corp., Waterbury, 
Vt. 

Pioneer Aluminum Inc., 5251 W Im- 
perial Bivd., Los Angeles 45, Calif. 

Pioneer Stamped Products Co., P.O. 
Box 185, Roselawn Sta., Rochester 
18, N.Y. 

Piper Tool Co., Inc., 15930 Common 
Rd., Roseville, Mich. 

Pittsburgh Corning Corp., 1 Gateway 
Center, Pittsburgh 22, Pa. 
Pittsburgh Die & Casting Co., 7503 
Ardmore St., Pittsburgh 18, Pa. 
Pittsburgh Forgings Co., 919 Amur 
St., Jackson, Mich. 

Pittsburgh Forgings Co., Thorn St., 
Coraopolis, Pa. 

Pittsburgh Foundry & Machine Co., 
36th St., Pittsburgh 1, Pa. 
Pittsburgh Plate Glass Co., 632 Ft. 

Duquesne Blvd., Pittsburgh 22, 


Pa. 

Fiber Glass Div., (Ad p 
209) 
1 Gateway Center, Pittsburgh 22, 
Pa. 


Forbes Finishes Div., 3800 W 143rd 
St., Cleveland, Ohio 
Pittsburgh Smelting & Refining Co., 
100 W Elizabeth St., Pittsburgh 7, 
Pa. 
Pittsburgh Steel Co., P.O. Box 118, 
Pittsburgh 19, Pa. 


Thomas Strip Div., (Ad pp 
74-5) 

Grant Bldg., Pittsburgh 30, Pa. 
Pittsburgh Steel Foundry Corp., P.O. 
Box 986, Pittsburgh 30, Pa. 

Fort Pitt Steel Casting Div., 25th 
St., McKeesport, Pa. 

Pittsburgh Tool Steel Wire Co., Mon- 
aca, Pa. 

Pittsburgh Tube Co., 212 Wood St., 
Pittsburgh 22, Pa. 

Plast-Ad Mfg. Co., 222 N Michigan 
St., South Bend 1, Ind. 

Plastex Co., 3232 Cleveland Ave., 
Columbus 24, Ohio 

Plastic Engineering,  iInc., 
(Ad p 202) 





8506 Lake Ave., Cleveland 2, Ohio 


Plastic Masters, Inc., New Buffalo, 

Mich. 

Plastic Materials, Inc., New South 

Rd., Hicksville, N.Y. 

Plastic Packaging Co., 2025 W 
Charleston St., Chicago 47, Iil. 
Plastic Pipe & Tube Corp., 224 S 
Mipas St., Santa Barbara, Calif. 
Plastic Process Co., Inc., 10400 
Aviation Blvd., Los Angeles 45, 

Calif. 

Plasticrafters, Inc., 1829 S 55th Ave., 

Cicero 50, Ill. 

Plastics Engineering Co., 1607 Geele 

Ave., Sheboygan, Wis. 

Plastiglide Mfg. Corp., 1757 Stanford 
St., Santa Monica, Calif. 

Carroll Plastic Compounding Corp., 
3122 Nebraska Ave., Santa Moni- 
ca, Calif. 

Pipco International Corp., 1731 
Stanford St., Santa Monica, Calif. 

Plax Corp., Box 1019, Hartford, Conn. 
Plumb Chemical Corp., 4837 James 

St., Philadelphia 37, Pa. 

Plymouth Industrial Products, Inc., 

502 Indiana Ave., Sheboygan, Wis. 

Pohiman, R.L. Co., 6730 Olive St. 

Rd., St. Louis 5, Mo. 

Pohlman Foundry Co., Inc., 205 Baitz 

Ave., Buffalo 6, N.Y. 

Polacoat, Inc., 9752 Conklin Rd., 

Cincinnati 42, Ohio 

Pollock, Robert Co., 123 S Maryland 

Ave., Glendale, Calif. g 

Polo Plastics Co., 1718 N Ist St., 

Milwaukee 12, Wis. 

Poly Resins, 11661 Wicks St., Sun 

Valley, Calif. 

Polyform Plastics Corp., 24 University 

Pi., New York 3, N.Y. 

Polygon Plastic Co., Walkerton, Ind. 

Polymer Chemical Co., 5920 Carthage 
Ave., Cincinnati 12, Ohio 

Polymer Corp. of Pennsylvania, 2140 
Fairmont Ave., Reading, Pa. 

Polyphase Machine Co., 43-22 50th 

St., Woodside 77, N.Y. 

Polyplastic Products, Inc., 24th Ave., 

Paterson, N.J. 

Poor & Co., 80 E Jackson Blvd., 
Chicago, Ill. 

Canton Forge & Axle Works, 2025 
Dueber Ave., SW, Canton 6, Ohio 
Promat Div., 851 S Market St., 
Waukegan, III. 

Porcelain Enamel Finishers, 3221 W 
30th St., Chicago 23, Ill. 

Porcelain Products, Inc., 224 N Pat- 
terson, Carey, Ohio 

Portable Electric Tools, Inc., Admiral 
Die Castings Div., 250 W 83rd St., 
Chicago 20, Ill. 

Porter, H.K. Inc., 74 Foley, Som- 
erville 43, Mass. 

Porter, H.K. Co., Inc., Alcoa Bidg., 

Pittsburgh 19, Pa. 

Connors Steel Div., 5000 Powell 
Ave,. Birmingham 6, Ala. 

Forge & Fittings Div., 3270 E 79th 
St., Cleveland 4, Ohio 

Quaker Rubber Div., Tacony & Com- 
ly Sts., Philadelphia 24, Pa. 

Refractories Div., 250 1st National 
Bank Bidg., Pittsburgh 22, Pa. 

Riverside-Alloy Metal Div., 1 Pa- 
villion Ave., Riverside, N.J. 

Vulcan-Kidd Steel Div., Aliquippa, 
Pa. 

Porter, William Co., 1007 Santa Fe 
Ave., Los Angeles 21, Calif. 

Portland Co., 58 Fore St., Portland, 
Me. 

Portland Iron Works, 1335 NW 
Northrup St., Portland 9, Ore. 

Posey Iron Works, Inc., 580 S Prince 
St., Lancaster, Pa. 

Potts, C. & G. & Co., 816 Washing- 
ton Ave., Indianapolis, Ind. 

Powder Metals Products Co., 500 St. 
Marys St., St. Marys, Pa. 

Powdercraft Corp., 746 Hayne St., 
Spartanburg, S. C. 
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Powell Pressed Steel 
Ohio 

Pratt & Lambert, Inc., 75 Tonawanda 
St., Buffalo 7, N.Y. 

Pratt, William E. Mfg. Co., 155 
N Wacker Dr., Chicago, III. 

Precision Castparts Corp., 4600 SE 
Harney Dr., Portland 6, Ore. 

Precision Extrusions, Inc., 132 S Ad- 
dison St., Bensenville, Ill. 

Precision Founders, Inc., 414 Hester 
St., San Leandro, Calif. 

Precision Machine Co., 1110 E 22nd 
St., Indianapolis 2, Ind. 

Precision Metal Products Co., P.O. 
Box 129, Ellwood City, Pa. 

Precision Metal Spinning Co., 9861 
Dixie Hwy., Clarkston, Mich. 

Precision Metalsmiths, Inc., 1081 E 
200 St., Cleveland 17, Ohio 

Precision Paper Tube Co., 2035 W 
Charleston St., Chicago 47, Ill. 

Precision Piece Parts, Inc., 712 S 
Logan St., Mishawaka, Ind. 

Precision Rubber Products Corp., 3110 
Oakridge Dr., Dayton 7, Ohio 

Precision Screw Products Co., Inc., 
4764 Valley Bivd., Los Angeles 32, 
Calif. 

Precision Tube Co., Inc., Church Rd. 
& Wissahickon Ave., North Wales, 
Pa. 

Premier Metal Works, Inc., 1616 S 
Clinton St., Chicago 16, Ill. 

Premier Thermo Plastics Co., Jeffer- 
sontown, Ky. 

Prescott Co., 1610 15th St., Meno- 
minee, Mich. 

Presmet Corp., 112 Harding St., Wor- 
cester 4, Mass. 

Pressed Steel Co., Wilkes Barre, Pa. 

Pressed Steel Tank Co., 1493 S 66th 

St., Milwaukee 14, Wis. 


Presstite-Keystone Engineer- 
ing Products Co., (Ad p 
208) 

3738 Chouteau Ave., St. Louis, Mo. 


Presswork, Inc., 9100 Rose Lawn 
St., Detroit 4, Mich. 
Presto Plastic Products Co., Inc., 11 
E 26th St., New York 10, N.Y. 
Prima Pipe Co., 1108 Pulliam, San 
Angelo, Texas 

Prince Rubber Co., Inc., 1675 Niagara 
St., Buffalo 7, N.Y. 

Progressive Service Co., 2745 Locust 
St., St. Louis 3, Mo. 

Protective Treatments, Inc., 420 Dell- 
rose Ave., Dayton, Ohio 

Puget Sound Plywood, Inc., 230 E. F 
St., Tacoma 2, Wash. 

Pure Carbon Co., Inc., 441 Hall Ave., 
St. Marks, Pa. 

Puritan Co., Inc., Beach & Lyell Aves., 
Rochester, N.Y. 

Pusey & Jones Corp., Front & Poplar 
Sts., Wilmington 9, Del. 

Pyramid Industries, Inc., 1422 Irwin 
Dr., Erie, Pa. 

Pyramid Mouldings, Inc., 5353 W 
Armstrong Ave., Chicago 46, III. 
Pyramid Plastics, Inc., 554 W Polk 

St., Chicago 7, Ill. 
~~ Plastics Corp., Pyro Park, Union, 


Co., Hubbard, 


J 


Pyron Corp. (Ad p 338) 
Box E, LaSalle Sta., Niagara Falls, 
N.Y. 


Pyrosil, Inc., P.O. Box 206, Cuyahoga 
Falls, Ohio 


= Alloy Casting Co., Myerstown, 


Quaker City Felt Co., 1734-36 Ludlow 
St., Philadelphia, Pa. 








Quaker State Metals Co., P.0. Box 
1167, Lancaster, Pa. 

Quality Electric Steel Castings, Inc., 
P.0. Box 9382, Houston 11, Tex. 
Queen Products Co., Inc., 13th & 
Rowan Sts., Louisville 3, Ky. 
Albert Lea Foundry Div., 902-910 
Marshall, Albert Lea, Minn. 
Quelcor, Inc., Front & Broomall Sts., 

Chester, Pa. 
Quest, J.F. Foundry Co., 900 4th St., 
S, Minneapolis 15, Minn. 
Quincy Steel Casting Co., 30 Fayette 
St., North Quincy 71, Mass. 


r 


Racine Screw Co., 
Racine, Wis. 
Radiant Color Co., 830 Isabella St., 
Oakland 7, Calif. 

Raffi and Swanson, Inc., 100 Eames 
St., Wilmington, Mass. 

Rainier Metal Products Co., 2412 W 
71st St., Chicago 29, Ill. 

Rand Rubber Co., 397 Sumner Ave., 
Brooklyn 16, N.Y. 

Randolph Products Co., 18 12th St., 
Carlstadt, N.J. 

Rangers Die Casting Co., 10828 S 
Alameda St., Lynwood, Calif. 

Rankin Forge Co., 117 Fort Pitt 
Bivd., Pittsburgh 22, Pa. 

Rasco-Veeder Co., 1600 S Dearborn 
St., Chicago 16, Il. 

Rathbone Corp., Park St., 
Mass. 


Rausch Mfg. Co., 750 Pelham Blvd., 
St. Paul 14, Minn. 
Ravenswood Machine Corp., 3325 N 
Knox Ave., Chicago 41, Ill. 
Raybestos-Manhattan, Inc., 61 Willett 
St., Passaic, N.J. 


1501 Clark St., 


Palmer, 


Adhesives Div., P.O. Box 1021, 
Bridgeport 2, Conn. 
Plastic Products Div., P.O. Box 


1021, Bridgeport 2, Conn. 
Raybestos Div., P.O. Box 1021, 
Bridgeport 2, Conn. 

Reade Mfg. Co., Inc., 135 Hoboken 
Ave., Jersey City 2, N.J. 

Reading Tube Corp., Empire State 
Bidg., 350 5th Ave., New York, 
N.Y. 

Red Devil Mfg. Co., 1412 N Ogden 
Ave., Chicago 10, Ill. 

Redmer Air Devices, Box 247, Gunters- 
ville, Ala. 

Reed Plastics Corp., 116 Gold St., 
Worcester 8, Mass. 

Reed & Prince Mfg. Co., 1 Duncan 
Ave., Worcester 1, Mass. 

Rees’, Hans Sons, 39 Frankfort St., 
New York 38, N.Y. 

Reese Metal Products Corp., 537 
Howard Ave., Lancaster, Pa. 

Reeves Bros., Inc., Vulcan Rubber 
Products Div., 1071 Ave. of Ameri- 
cas, New York, N.Y. 

Refinery Castings Co., P.O. Box 5085, 
Dallas 22, Tex. 

Reflin Co., 5730 Kearney Villa Rd., 
San Diego 11, Calif. 

Refractory & Insulation Corp., 120 
Wall St., New York 5, N.Y. 

Refractory Specialties Co., 2200 
Washington Ave., Philadelphia 46, 
Pa. 

Regal Plastic Co., 2800 E 14th St., 
Kansas City 27, Mo. 

Regal Ware, Inc., Kewashum, Wis. 

Reichhold Chemicals, Inc., 525 WN 
Broadway, White Plains, N.Y. 

Reilly Tar & Chemical Corp., 1615 
Merchant Bank Bidg., Indianapolis 
4, Ind. 

Reinhold Engineering & Plastics Co., 








12827 E Imperial Hwy., Norwalk, 
Calif. 

Reliable Screw Machine Products, 4433 
W Rice St., Chicago 51, Ill. 

Reliable Spring & Wire Forms Co., 
3167 Fulton Rd., Cleveland 9, Ohio 

Reliance Foundry Co., 500-526 E 
Front St., Cincinnati 2, Ohio 

Reliance Plastic & Chemical Corp., 
110 Kearney St., Paterson 2, N.J. 

Reliance Steel Castings Co., 2818 
Smaliman St., Pittsburgh 22, Pa. 

Remler Co., Ltd., 2101 Bryant St., 
San Francisco 10, Calif. 

Ren Plastics, Inc., 5422 S Cedar Rd., 
Lansing 17, Mich. 

Rensselaer Valve Co., Cohoes, N.Y. 

Replac Corp., 2130 St. Ciair Ave., 
Cleveland 17, Ohio 

Republic Die Casting Co., 611 Talcott 
Ave. St. Louis 7, Mo. 

Republic Lead Equipment Co., 
Jones Rd., Cleveland 5, Ohio 

Republic Metals Co., Inc., 273 Green, 
Brooklyn 22, N.Y. 


Republic Steel Corp., (Ad pp 
78-9) 
Republic Bidg., Cleveland 1, Ohio 
Steel & Tubes Div., 224 E 131st 
St., Cleveland 8, Ohio 


Resin Industries, Olive St., 
Barbara, Calif. 

Resistoflex Corp., Woodland Rd., Rose- 
land, N.J. 

Resolite Corp., P.0. Box 366, Zelien- 
ople, Pa. 

Revere Copper & Brass, Inc., 230 Park 

Ave., New York 17, N.Y. 

Foil Div., 196 Diamond St., Brook- 


7930 


Santa 


lyn 22, N.Y. 
Rome Mfg. Div., Mill St., Rome, 
N.Y. 


Rex Corp., Hayward Rd., West Acton, 
Mass. 

Rex Products Co., 1918 E 55th St., 
Cleveland 3, Ohio 

Reynolds Aluminum Supply Co., 573 
W Peachtree St., NE, Atlanta 3, 
Ga. 


Reynolds Chemical Products 
Co., (Ad p 216) 
1200 N Main St., Ann Arbor, Mich. 


Reynolds Mfg. Co., Springfield, Mass. 

Reynolds Metal Co., 2500 S 3rd St., 
Louisville, Ky. 

Reynolds Metals Co., P.0. Box 2346- 
2H, Richmond 18, Va. 

Rezolin, Inc., 1051 18th St., Santa 
Monica, Calif. 

Rhoads, J.E. & Sons, 2100 W llth 
St., Wilmington, Del. 


Rhode Island Tool Co., (Ad 
p 342) 
142 W River St., Providence 1, 
R.1. 


Richardson Co., 2882 Lake St., Mel- 
rose Park, IIl. 

Richmond Foundry & Mfg. Co., Inc., 
1300 Hermitage Rd., Richmond 20, 
Va. 

Richmond Mfg. Co., 312 N York St., 
Houston 4, Tex. 

Richmond Mica Corp., 900 Jefferson 
Ave., Newport News, Va. 

Ridge Foundry, 1554 Doolittle Dr., 
San Leandro, Calif. 

Riegel Paper Co., 260 Madison Ave., 
New York 16, N.Y. 

Rigidized Metals Corp., 658 Ohio St., 
Buffalo 3, N.Y. 

Rinshed-Mason Co., Milford at Ep- 
worth, Detroit, Mich. 

River Smelting & Refining Co., 4195 
Bradley Rd., Cleveland 1, Ohio 
Riverside Foundry Co., N Front St., 

Wrightsville, Pa. 

Riverside Founary & Galvanizing Co., 

508 Harrison St., Kalamazoo, Mich. 
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Riverside Plastics Corp., 220 Miller 
Rd., Hicksville, N.Y. 

Robertson, H.H. Co., 2400 Farmer 
Bank Bldg., Pittsburgh, Pa. 
Robertson Steel & Iron Co., 72 Elm 
St., Cincinnati 2, Ohio 


Robot Devices, Inc., Main St., Bu- 
chanan, Va. 
Rochester Novelty Works, Inc., 485 


Hague St., Rochester 6, N.Y. 

Rockford Bolt & Steel Co., 125 Mili 
St., Rockford, Ill. 

Rockwell Mfg. Co., Lem Mfg. Co., Inc. 
Sub., Atchison, Kan. 

Rockwell Spring and Axle Co., Bos- 
sert Div., 1002 Oswego St., Utica 1, 
N.Y. 


Rockwell-Standard Corp., 
Stamping Div., (Ad p 348) 
1002 Oswego St., Utica 1, N.Y. 

Roddis Plywood Corp., Marshfield, Wis. 

Rode, Inc., R5 Green St., Woburn, 
Mass. 

Rodney Hunt Machine Co., 46 Mill 
St., Orange, Mass. 

Rodney Metals, Inc., 261 5th Ave., 
New York 16, N.Y. 

Roebling’s, John A. Sons Corp., 640 
S Broad St., Trenton 2, N.J. 

Rogers Corp., Rogers, Conn. 

Rogers, V.F. Plastic Molding, 4320 
Fox St., Denver 16, Colo. 

Rohm & Haas Co., 
201) 

Washington Square, Philadelphia 5, 
Pa. 

Rolinco, Inc., 116 Limestone, Bellevue, 
Peoria 5, Ill. 

Roll Coater, Inc., Box 67, Pendleton, 
Ind. 


(Ad p 


Roll Formed Products Co., 
(Ad p 337) 
3752 Oakwood Ave., Youngstown, 
Ohio 
Rolle Mfg. Corp., 3rd & Cannon St., 
Lansdale, Pa. 
Rolled Alloys, Inc., 4815 Bellevue 


Ave., Detroit, Mich. 

Rolock, Inc., 1350 Kings Hwy., Fair- 
field, Conn. 

Romar Plastics, Inc., 
St., St. Charles, Ill. 

Rome Strip Steel Co., 
Henry St., Rome, N.Y. 

Rome Turney Radiator Co., Rome, N.Y. 

Rosan, Inc., 2901 W Coast Hwy., 
Newport Beach, Calif. 

Rosco Laboratories, 29 Moore St., 
Brooklyn 6, N.Y. 

Rose Iron Works, 1539 E 43rd St., 
Cleveland 3, Ohio 

Rosedale Foundry & Machine Co., 
1731 Prebel Ave., Pittsburgh 33, 
Pa. 

Ross & Roberts, Inc., 1299 W Broad 
St., Stratford, Conn. 

Ross-Meehan Foundries, 1601 Carter 
St., Chattanooga 1, Tenn. 

Rostone Corp., Rd. 52 S, Lafayette, 
Ind. 

Roth Rubber Co., 1854 S 54th St., 
Chicago 50, Ill. 

Roth Steel Products Co., 1335 E 
17l1st St., Cleveland 10, Ohio 

Rotometals, 980 Harrison St., San 
Francisco 7, Calif. 

Rotor Clip Co., 114 Allen Bivd., 
Farmingdale, N.Y. 

Rowland Products, Inc., Fairview Lane, 
Kensington, Conn. 

Royce Aluminum Corp., 704 W Water 
St., Taunton, Mass. 

Rubber & Asbestos Corp., 225 Belle- 
ville Ave., Bloomfield, N.J. 

Rubber Corp. of America, New South 
Rd., Hicksville, L.I., N.Y. 

Rubber & Plastics Compound Co., Inc., 
10 Rockefeller Plaza, New York 20, 
N.Y. 

Ruberoid Co., 500 Sth Ave., New 
York 36, N.Y. 

Ruby Chemical Co., 68-70 McDowell 
St., Columbus 16, Ohio 


1311 E Main 


Inc., 530 












Rupert Diecasting Co., 1655 Cleve- 
land Ave., Kansas City 27, Mo. 
Russell, Burdsall & Ward Bolt & Nut 
Co., Midland Ave., Port Chester, 

N.Y. 

Russell Mfg. Co., 400 E Main St., 
Middletown, Conn. 

Russell Reinforced Plastics Corp., 521 
W Hoffman Ave., Lindenhurst, N.Y. 

Rust-Oleum Corp., 2425 Oakton St., 
Evanstown, Ill. 

Rustproofing & Metal Finishing Corp., 
75 Commercial Ave., Cambridge 42, 
Mass. 

Ryerson, Joseph T. & Son, Inc., 16th 
& Rockwell Sts., Chicago 80, III. 


Ss 


S & S Mfg. Co., 6139 Adams St., 
West New York, N.J. 

Saginaw Bearing Co., 821 S Water 
St., Saginaw, Mich. 

St. Joseph Lead Co., 250 Park Ave., 
New York 17, N.Y. 

St. Louis Diecasting Corp., 4528 Ol- 
eatha Ave., St. Louis 16, Mo. 

St. Louis Malleable Casting Co., 7701 
N Conduit Ave., St. Louis, Mo. 
St. Louis Steel Casting, Inc., 100 

Mott St., St. Louis 15, Mo. 
St. Marys Carbon Co., State Rd., St. 
Marys, Pa. 
St. Marys Foundry Co., P.O. Box 248, 
St. Marys, Ohio 
St. Pierre Chain Corp., 50 Frank St., 
Worcester 4, Mass. 
St. Regis Paper Co., 150 E 42nd St., 
New York, N.Y. 
Chester Packaging Div., 684 Nep- 
perhan Ave., Yonkers, N.Y. 
Panelyte Div., 261 Madison Ave., 
New York 16, N.Y. 
Salem Tool Co., 767 S Ellsworth 
Ave., Salem, Ohio 
Sall Bros. Co., 2300 Kishwaukee St., 
Rockford, Ill. 
Sall, George Metals Co., Inc., 2255 
E Butler St., Philadelphia 37, Pa. 
San Francisco Galvanizing Works, 1180 
Harrison St., San Francisco 3, 
Calif. 
San Francisco Iron 
Townsend St., 
Calif. 


Sandusky Foundry & Machine 
Co., (Ad p 345) 

W Market St., Sandusky, Ohio 
Sandvik Steel, Inc., (Ad p 
68) 

1702 Nevins Rd., Fair Lawn, N.J. 


Sandy Hill Iron & Brass Works, 27 
Allen St., Hudson Falls, N.Y. 

Sanford Plastics Corp., 521 Fifth 
Ave., New York 17, N.Y. 

Saramar Aluminum Co., 4021 Mahon- 
ing Ave., Youngstown 1, Ohio 

Saran Lined Pipe Co., 2415 Burdette 
Ave., Ferndale 20, Mich. 

Sargent & Greenleaf, Inc., 24 Seneca 
Ave., Rochester 21, N.Y. 

Sauereisen Cements Co., 1045 N 
Canal St., Pittsburgh 15, Pa. 

Sawbrook Steel Castings Co., Shep- 
herd & McWhorter Sts., Lockland, 
Cincinnati 15, Ohio 

Sawhill Tubular Products, Inc., P.O. 
Box 546, Sharon, Pa. 

Saxonburg Ceramics, Saxonburg, Pa. 

Scaife Co., Anne St., Oakmont, Pa. 

Schachner Leather & Belting Co., 
1123 S Mint St., Charlotte 1, N.C. 

Schaefer-Goodnow Foundries, _Inc., 
2 36th St., Philadelphia 1, Pa. 

Schenectady Varnish Co., Inc., Cong- 
oe St. & 9th Ave., Schenectady 3, 

Schilling Bronze Co., 202-216 E 
North St., Rome 2, N.Y. 

Schlueter Mfg. Co., 4616 N Broad- 
way, St. Louis 7, Mo. 


Foundry, 260 
San Francisco 7, 








Schmeller Aluminum Foundry Co., 3300 
E 87th St., Cleveland 27, Ohio 
Schneider, Bowman Co., Inc., 1612 
Van Dyke St., Philadelphia 24, Pa. 
Schultz Die Casting Co., 1810 Clinton 
St., Toledo 7, Ohio 

Schumann, I. & Co., 4391 Bradley 
Rd., P.O. Box 2219, Cleveland 9, 
Ohio 

Schwab Plastics Corp., 730 S Dix 
St., Detroit 7, Mich. 

Schwartz Chemical Co., Inc., 50-01 
2nd St., Long Island City, N.Y. 
Schwarzkopf Development Corp., 595 
Madison Ave., New York 22, N.Y. 
Scottdale Ozone Co., Crescent St., 

Scottdale, Pa. 

Scovill Mfg. Co., Mill Prod- 
ucts Div., (Ad p 125-6) 
99 Mill St., Waterbury 20, Conn. 

Scranton Plastic Laminating Corp., 
3213 Pittston Ave., Scranton 5, 
Pa. 

Screw Products Co., 2909 Logan St., 
Lansing 17, Mich. 

Scudder, E.J. Foundry & Machine Co. 
Canal & Pearl Sts., Trenton 9, N.J. 

Scullin Steel Co., 6700 Manchester 
Ave., St. Louis 10, Mo. 

Seal-Peel, Inc., 755 Stephenson Hwy., 
Royal Oak 3, Mich. 

Sealube Co., 14 Valley St., Wakefield, 
Mass. 

Sealview Plastics, Inc., 1010 Ford 
St., West Conshohocken, Pa. 

Seaman Products, 120 W Providencia 
Ave., Burbank, Calif. 

Seamless Rubber Co., 464 Congress 
St., New Haven 3, Conn. 

Seaporce!l Metals, Inc., 28-20 Borden 
Ave., Long Island City, N.Y. 

Searjeant Metal Products, Inc., Men- 
don-Pittsford Rd., Mendon, N.dJ. 

Seattle Boiler Works, Inc., 5237 E 
Marginal Way, Seattle, Wash. 

Security Sash & Screen Co., 20096 
James Couzens Hwy., Detroit 35, 
Mich. 

Seiberling Rubber Co., Plastics Div., 
Newcomerstown, Ohio 

Selma Foundry & Machine Co., P.O. 
Box 662, Selma, Ala. 

Sel-Rex Corp., (Ad p 285) 
75 River Rd., Nutley 10, N.J. 
Seltzer, George H. & Co., Ridley & 
B & O RR, P.O. Box 66, Folsom, 

Pa. 
Semon Bache & Co., 636 Greenwich 
St., New York 14, N.Y. 
Seneca Wire & Mfg. Co., Fostoria, 
Ohio 
Sequoia Metalcraft Co., Inc., 1001 
Washington St., San Carlos, Calif. 
Serrick Corp., Defiance, Ohio 
Acme Machine Products Div., 1300 
Batavia St., Muncie, Ind. 

John Lees Div., 1300 Batavia St., 
Muncie, Ind. 

Screw Machine Products Div., 731- 
22 Perry, Defiance, Ohio 

Service Steel Co., 1435 Franklin St., 
Detroit 7, Mich. 

Servwell Products Co., 6541 Euclid 
Ave., Cleveland 3, Ohio 

Set Screw & Mfg. Co., 149 Main St., 
Bartlett, Ill. 

Sewell Mfg. Co., 1019 E 10 Mile 
Rd., Hazel Park, Mich. 


Seymour Mfg. Co., 
133) 
Franklin St., Seymour, Conn. 


Shakopee Foundry Co., Shakopee, 
Minn. 

Shamban, W.S. & Co., 11617 W 
Jefferson Blivd., Culver City, Calif. 

Shank Metal Products Co., 347 
Madison Ave., New York 17, N.Y. 

Sharon Steel Corp., Sharon, Pa. 
Brainard Steel Div., Griswold St., 

Warren, Ohio 

Sharpsville Steel Fabricators, Inc., 

6th & Main Sts., Sharpsville, Pa. 


(Ad p 





Shaw Insulator Co., 160 Coit St., 
Irvington 11, N.J. 

Shawinigan Resins Corp., 644 Mon- 
santo Ave., Springfield 1, Mass. 
Shaw-Kendall Engineering Co., 120 S 
Superior St., P.O. Box 1736, Toledo 

3, Ohio 

Sheet Metal Mfg. Co., 6400 Southern 
Blvd., Youngstown 20, Ohio 

Sheffield Foundry Co., 2070 Clybourn 
Ave., Chicago 14, Ill. 

Shelby Instrument Co., 1701 Mag- 
nolia Ave., Long Beach, Calif. 

Shelby Mfg. Co., E Russel Rd., Sid- 
ney, Ohio 

Shell Chemical Corp., 50 W 50th St., 
New York 20, N.Y. 

Sheller Mfg. Corp., 8-159 General 
Motors Bldg., Detroit 2, Mich. 
Dryden Rubber Div., 1014 S Kildare 

Ave., Chicago 24, Ill. 
Shenango Furnace Co., Centrifugally 
Cast Products Div., Dover, Ohio 
Shenango Refractories, P.0. Box 120, 
New Castle, Pa. 

Sherman & Reilly, Inc., 1st & Broad 
Sts., Chattanooga, Tenn. 

Sherwin-Williams Co., 101 Prospect 
Ave., NW, Cleveland 1, Ohio 

Shieldalloy Corp., West Blvd., New 
Field, N.J. 

Shingle Leather Co., 1300 Walnut 
St., Camden 3, N.J. 

Shoe Form Co., Inc., Aurelius Ave., 
Auburn, N.Y. 

Shriver, T. & Co., Inc., 390 Hamil- 
ton St., Harrison, N.J. 

Shull Bros. Glass Co., 509 N 6th St., 
Millville, N.J. 

Shur-Lok Corp., 879 S East St., 
Anaheim, Calif. 

Sibley Machine & Foundry Corp., 206 
E Tutt St., South Bend 23, Ind. 

Sierra Electronic Corp., 15100 S 
Figueroa St., Gardena, Calif. 


Simmons Fastener Corp., (Ad 
pp 396-7) 
N Broadway, Albany 1, N.Y. 

Simon Products Co., 3211 W Grand 
St., Chicago 51, Iil. 

Simonds Saw and Steel Co., 470 
Main St., Fitchburg, Mass. 

Simonsen Metal Products Co., 4444 W 
Chicago, Chicago 51, IIl. 

Sinclair Co., 60 Appleton St., Holy- 
oke, Mass. 

Sinko Mfg. & Tool Co., 7310 W Wil- 
son Ave., Chicago 31, Ill. 

Sintercast Corp. of America, 134 
Woodworth Ave., Yonkers 2, N.Y. 

Sintered Metals, Inc., 3390 Washing- 
ton St., Jamaica Plain 30, Mass. 

Sioux City Foundry & Boiler Co., E 
8th & Division Sts., Sioux City 2, 
Towa 

Sipe Metals Corp., 1720 N_ Elston 
Ave., Chicago 22, Ill. 

Sivyer Steel Casting Co., 43rd & 
Mitchell Ave., Milwaukee 14, Wis. 

Skookum Co., Inc., 8504 W Crawford 
St., Portland 3, Ore. 

Skyline Industries, Titusville 1, Pa. 

Small Tube Products, Inc., Main St., 
Waterbury, Conn. 

Smith, A.0. Corp., 3533 N 27th St., 
Milwaukee 1, Wis. 

Smith, A.P. Mfg. Co., 500 N Arling- 
ton Ave., East Orange, N.J. 

Smith, Nowery J. Bolt & Supply Co., 
P.O. Box 7398, Houston 8, Tex. 

Smith Chemical & Color Co., Inc., 
55 John St., Brooklyn 1, N.Y. 

Smith & Winchester Mfg. Co., South 
Windham, Conn. 

Smith-Armstrong Forge, Inc., 1209 
Marquette Rd., Cleveland 14, Ohio 

Smithers Tool & Machine Products, 
Inc., 645 Broadway, Red Hook, N.Y. 

Smith-Moon Steel Co., Inc., Courier 
Bidg., Winfield, Kan. 

Smith-Victor Corp., Griffith, Ind. 

Smoot-Holman Co., 321 N Eucalyptus 





Ave., Inglewood, Calif. 

Snyder Mfg. Co., Inc., 1458 5th 
St. NW, New Philadelphia, Ohio 
Snyder, M.L. & Son, Inc., Jasper & 

York Sts., Philadelphia 15, Pa. 
Solar Aircraft Co., 2200 Pacific Hwy., 
San Diego 12, Calif. 
Solon Foundry, Inc.. 6370 SOM 
Center Rd., Solon, Ohio 
Somerset Foundry & Machine Co., 809- 
831 Edgewood Ave., Somerset, Pa. 
Somers Brass Co., Inc., (Ad 
pp 136, 139) 
94 Baldwin Ave., Waterbury 20, 
Conn. 


Sommer Metalcraft Corp., 315 Poston 
Dr., Crawfordsville, Ind. 

Sonith Foundries, Food Machinery 
Corp., 50 Shelby St., Indianapolis 
6, Ind. 

Sonken-Galamba Corp., 2nd & River- 
view, Kansas City 18, Kan. 

Sorbo-Cast Corp., New Brunswick, N.J. 

Sorbo-Mat Process Engi- 
neers, (Ad p 335) 

106 S Hanley St., St. Louis 5, Mo. 


South Chester Corp., Southco Div., 
Lester, Pa. 

South River Metal Products Co., Inc., 
377 Turnpike, South River, N.J. 
Southern Adhesives Corp., 1501 W 

Moore St., Richmond, Va. 

Southern Aluminum Finishing Co., 
Inc., 1581 Huber St., NW, Atlanta 
18, Ga. o 

Southern Asbestos Co., 1000 Sea- 
board Rd., Charlotte, N.C. 

Southern Belting & Transmission Co., 
P.0. Box 4296, Atlanta 2, Ga. 
Southern Car & Mfg. Co., Inc., 1831 
29th Ave. N, Birmingham, Ala. 
Southern Galvanizing Co., 1620 Bush 

St., Baltimore 30, Md. 

Southern Metal Products Co., 4444 N 
Miro St., New Orleans 17, La. 
Southern Plastics Co., 408 Pendelton 

St., Columbia, S.C. 

Southern Screw Co., P.O. Box 1360, 
Statesville, N.C. 

Southwestern Plastic Pipe Co., P.O. 
Box 117, Mineral Wells, Tex. 

Southwestern Porcelain Steel Corp., 
P.0. Box 607, Sand Springs, Okla. 

Spaulding Fibre Co., Inc., 
(Ad p 217) 

310 Wheeler St., Tonawanda, N.Y. 

Special Leathers Co., 1920 E Venango 
St., Philadelphia 34, Pa. 

Special Screw Products Co., 5445 
Dunham Rd., Bedford, Ohio 

Specialty Resins Co., 2801 Lynwood 
Rd., Lynwood, Calif. 

Speer Carbon Co., St. Marys, Pa. 

Spencer Chemical Co., Dwight Bidg., 
1004 Baltimore Ave., Kansas City 
5, Mo. 

Spencer Nahm Co., 765 Ist Ave., San 
Leandro, Calif. 

Spencer’s Sons, I.S. Inc., 20 Fair St., 
Guilford, Conn. 

Spincraft, Inc., 4122 W State St., 
Milwaukee 8, Wis. 

Spiral-Glas Pipe Co., 47 Bayard St., 
New Brunswick, N.J. 

Spraylat Corp., (Ad p 278) 
1 Park Ave., New York 16, N.Y. 
Spring City Foundry Co., Hall & Main 

Sts., Spring City, Pa. 

Spring Packing Corp., 332 S Michigan 
Ave., Chicago 4, Ill. 

Springer’s Foundry Co., Inc., 201 S 
lst St., Terre Haute, Ind. 

Springfield Foundry Co., 295 Pasco 
Rd., Indian Orchard, Mass. 

Spruce Pine Mica Co., Inc., P.O. 
Box 456, Spruce Pine, N.C. 
Spuck Iron & Foundry Co., 3145 N 
14th St., St. Louis 7, Mo. 

Stacey Mfg. Co., Township Ave., & 
Big Four RR, Cincinnati 16, Ohio 
Stackpole Carbon Co., (Ad p 
248) 

St. Marys, Pa. 
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Stainless Foundry & Engineering, Inc., 


5132 N 35th St., Milwaukee 9, 
Wis. 
Stainless Metals, Inc., 19-42 42nd 


St., Long Island City 1, N.Y. 

Stalwart Rubber Co., 160 Northfield 
Rd., Bedford, Ohio 

Stamford Metal Specialty Co., Inc., 
429 W Broadway, New York 12, 
N.Y. 

Stamford Rolling Mills Co., 
Springdale, Conn. 

Standard Asbestos Mfg. Co., 860 W 
Evergreen Ave., Chicago 22, Ill. 
Standard Casting Corp., 4400 W Cor- 

mak Rd., Chicago 23, Ill. 

Standard Felt Co., 24-115 S Palm 
Ave., Alhambra, Calif. 

Standard Forge & Axle Co., Inc., P.O. 
Box 309, Montgomery 1, Ala. 

Standard Foundry Co., Southgate & 
Armory Sts., Worcester 10, Mass. 

Standard Insulation Co., Plastics Div., 
74 Paterson Ave., East Rutherford, 
N.J. 

Standard Locknut & Lockwasher Inc., 
2250-56 Valley Ave., Indianapolis 
18, Ind. 

Standard Magnesium Corp., 7500 E 
4lst St., Tulsa, Okla. 

Standard Metals Corp., 262 Broad 
St., North Attleboro, Mass. 

Standard Nut & Bolt Co., 
St., Valley Falls, R.J. 

Standard Plastics Co., 62 Water St., 
Attleboro, Mass. 

Standard Pressed Steel Co., Box 888, 
Jenkintown, Pa. 

Standard Products Co., 
Bidg., Detroit, Mich. 

Standard Screw Co., Wilson, Conn. 
Chicago Screw Co., 2701 Washing- 

ton Blivd., Bellwood, Ill. 
Hartford Machine Screw Co., P.O. 
Box 1440, Hartford 2, Conn. 
Western Automatic Machine Screw 
Co., 377 Woodland Ave., Elyria, 

Ohio 

Standard Screw Products Co., 506 S 
Paim Ave., Alhambra, Calif. 

Standard Stamping & Perforating Co., 
3129 W 49th Place, Chicago 32, 
Itt. 

Standard Steel Sections, Inc., 608 E 
133rd St., New York, N.Y. 

Standard Tube Co., 24400 Plymouth 
Rd., Detroit 39, Mich. 

Standard Washer & Mat, Inc., 155 
Adams St., Manchester, Conn. 

Stanley Chemical Co., Berlin St., East 
Berlin, Conn. 

Stanley Works, Stanley Industrial 
Sales Div., 195 Lake St., New 
Britain, Conn. 

Stanwood Corp., 4819 Cortland, Chi- 
cago 39, Ill. 

Star Expansion Industries Corp., Pleas- 
ant Hill Rd., Mountainville, N.J. 
Star Heel Plate Co., Inc., 12 Thorn- 

ton St., Newark 5, N.J. 

Star Porcelain Co., Muirhead Ave., 
Trenton, N.J. 

Star Stamping Co., 
Benton Harbor, Mich. 

Star Wire Screen & Iron Works Inc., 
2515 San Fernando Rd., Los Angeles 
65, Calif. 

Star Woolen Co., Cohoes, N.Y. 

State Foundry & Machine Co., Cedar 
Grove, Wis. 

Staver Co., Inc., 49 N Saxon Ave., 
Bay Shore, N.Y. 

Stearns-Roger Mfg. Co., 660 Bannock 
St., Denver, Colo. 

Steel Fabricators Co., 1252-B Spruce 
St., Cleveland 13, Ohio 

Steel Heddle Mfg. Co., 2100 Wal- 
legheny Ave., Philadelphia 32, Pa. 

Steel Improvement and Forge Co., 
970 E 64th St., Cleveland, Ohio 

Steel Industries, Inc., 907 Louise 
Ave., Crawfordsville, Ind. 


Inc., 
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Addresses of Suppliers 


Steel Protection 
Mooresville, Ind. 

Stee! Shot Producers, Inc., 4389 Har- 
rison St., Pittsburgh 1, Pa. 

Steel, R. & Sons, Inc., 42-21 9th 
St., Long Island City 1, N.Y. 

Steelcote Mfg. Co., 3418 Gratiot St., 
St. Louis 3, Mo. 

Steinen, William Mfg. Co., 43 Bruen 
St., Newark 5, N.J. 

Stella Products Corp., 66 Okner Pky., 
Livingston, N.J. 

Stenman, Bror F., West St., Auburn, 
Mass. 

Sterling Aluminum Products, Inc., 
2600 N 3rd St., St. Charles, Mo. 

Sterling Brass Foundry, Inc., 1640 
Sterling Ave., Elkhart, Ind. 

Sterling Die Casting Co., 743 39th 
St., Brooklyn 32, N.Y. 

Sterling Foundry Co., 8 Wallace St., 
Sterling, Ill. 

Sterling Models, Belford Ave. & 
Wister, Philadelphia, Pa. 

Sterling Molders, Inc., 277 Military 
Rd., Buffalo 7, N.Y. 

Sterrit-Thomas Foundry Co., 32nd & 
Smaliman St., Pittsburgh 1, Pa. 

Stevens, Frederic B., Inc., 1800 18th 
St., Detroit, Mich. 

Stevens, J.P. & Co., Ine., 
Broadway, New York 36, N.Y. 


Steward, D.M. Mfg. Co., (Ad 
p 362) 
E 36th St., Chattanooga, Tenn 


Stewart-Warner Corp., Stewart Die 
Casting Div., 4535 W_ Fullerton 
Ave., Chicago 30, Ill. 

Stillman White Foundry Co., Inc., 42 
Dodge St., Providence, R.I. 

Stimpson, Edwin B. Co., Inc., 70 
Franklin Ave., Brooklyn 5, N.Y. 

Stirrup Metal Products Corp., 215 
Emmet St., Newark 5, N.J. 

Stockwell Rubber Co., Inc., 1117 
Shackamaxon St., Philadelphia 25, 
Pa. 

Stone Straw Corp., Stone Paper Tube 
Div., 900 Franklin St., NE, Wash- 
ington 17, D.C. 

Stoody Co., Whittier, Calif. 

Stover Steel Tank & Mfg. Co., 100 
S Hancock Ave., Freeport, Ill. 
Stranahan Foil Co., Inc., 100 Wesley 

St., South Hackensack, N.J. 

Strick Plastics Co., Perkasie, Pa. 

Strong Steel Foundry Co., 33 Norris 
St., Buffalo 7, N.Y. 

Struthers Wells Corp., 30 Rockefeller 
Plaza, New York 20, N.Y. 

Stuart Foundry Co., 138 S Junction 
St., Detroit, Mich. 

Stulz-Sickles Co., 929-939 Port Ave., 
at Julia St., Elizabeth, N.J. 

Subax, Inc., Fairmount Plant, Hack- 
ensack, N.J. 

Sun Chemical Corp., 10th St. & 44th 
Ave., Long Island City 1, N.Y. 
Electro Chemical Corp., 113 E 
Centre St., Nutley 10, N.J. 

Horn, A.C. Co., Inc., 750 3rd Ave., 

New York 17, N.Y. 

Sun Rubber Co., 366 Fairview Ave., 
Barberton, Ohio 

Sun Steel Co., Special Products Div., 
1700 W 74th Pl., Chicago 36, Ill. 

Sun Tube Corp., 181 Long Ave., Hill- 
side, N.J. 

Sunlite Plastics, Inc., 1512 W Pierce 
St., Milwaukee, Wis. 

Superb Light Alloys, Inc., Allen Bivd., 
Farmingdale, N.Y. 

Superior Carbon Products, Inc., 9115 
George Ave., Cleveland 5, Ohio 
Superior Die Casting Co., 1001 London 

Rd., Cleveland 10, Ohio 

Superior Drawn Steel Co., Beaver 
Ave., Monaca, Pa. 

Superior Foundry, Inc., 3542 E 71st 
St., Cleveland 5, Ohio 

Superior Industries, Inc., 3786 Oak- 
wood Ave., Youngstown 9, Ohio 

Superior Plastics, Inc., 426 N Oakley 


& Chemical Co., 
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Blvd., Chicago 12, Ill. 
Superior Plating, Inc., 1064 10th 
Ave. SE, Minneapolis, Minn. 
Superior Spinning & Stamping Co., 
4057-63 Fitch Rd., Toledo 13, Ohio 
Superior Steel Corp., Carnegie, Pa. 
Superior Steel & Malleable Castings 
Co., Benton Harbor, Mich. 
Superior Tube Co., Box 191, Norris- 
town, Pa. 
Superior-Pacific Galvanizing Co., 1711 
E 6lst St., Los Angeles 1, Calif. 
Supreme Industrial Products Co., 367 
N Karlov Ave., Chicago 24, Iil. 
Surprenant Mfg. Co., 199 Washington 
St., Boston 8, Mass. 


Swayne-Robinson & Co., 210 Main 
St., Richmond, Ind. 
Swedish Crucible Steel Co., 8801 


Conant Ave., Detroit 11, Mich. 
Swediow Plastics Co., 6986 Bandini 
Bivd., Los Angeles, Calif. 
Swediow Plastics Corp., 394 N 
Meridian Rd., Youngstown, Ohio 
Sweet’s Steel Co., 6666 Sweet St., 
Williamsport, Va. 
Swepco Tube Corp., 1 Clifton Blvd., 
Clifton, N.J. 
Swett, A.L. Iron Works, 172 Glen- 
wood Ave., Medina, N.Y. 
Sylvan Plastics Inc., 1617 Pennsyl- 
vania Ave., Philadelphia 3, Pa. 
Sylvania Electric Products, Inc., 1740 
Broadway, New York 19, N.Y. 
Chemical & Metallurgical Div., 
Towanda, Pa. 
Parts Div., 
Warren, Pa. 
Symington-Gould Corp., Depew, N.Y. 
Synco Resins, Inc., Henry St., Bethel, 
Conn. 
Synthane Corp., (Ad p 200) 
River Rd., Oaks, Pa. 


t 


Tallman-McCluskey Fabrics Co., 230 
E Monroe, Kirkwood 22, Mo. 

Taylor & Co., Inc., 680 Morgan Ave., 
Brooklyn 22, N.Y. 

Taylor & Boggis Foundry, 
53rd St., Cleveland, Ohio 

Taylor Fibre Co., (Ad p 194) 
Box 471, Norristown, Pa. 


Taylor Forge & Pipe Works, P.O. 
Box 485, Chicago 90, Ill. 

Techailoy Co., Inc., Rte. 113, Rahns 
5S, Fa. 

Technical Plywood Sales, 6750 Cran- 
don Ave., Chicago 49, Ill. 

Technical Specialties Co., 415 Concord 
Ave., New York 55, N.Y. 

Technical Tape Corp., 240 North 
Ave., New Rochelle, N.Y. 

Teiner, Roland Co., Inc., 134 Tremont 
St., Everett 49, Mass. 

Temco, Inc., 4101 Charlotte Ave., 
Nashville, Tenn. 

Terre Haute Bronze & Brass Foundry, 
1114 Sycamore St., Terre Haute, 
Ind. 

Terre Haute Malleable & Mfg. Corp., 
2030 N 19th St., Terre Haute, 
Ind. 

Testor Chemical Co., 
Rockford, Ill. 

Texas Aluminum Co., Inc., 1218 
Mercantile Securities Bidg., Dallas, 
Tex. 

Texas Foundries, Inc., P.O. Box 180, 
Lufkin, Tex. 

Texas Glass Fiber Corp., 147 Island 
Grove Rd., Grandview, Tex. 

Texas Plastic Development Corp., 2120 
Post Oak Rd., Houston, Tex. 

Texas Steel Co., 3901 Hemphill St., 
Fort Worth 9, Tex. 

Texas-U. S$. Chemical Co., 
(Ad pp 218-219) 

260 Madison Ave., New York, N.Y. 

Textile Shield Co., Inc., 1 Groton 
St., Lawrence, Mass. 


(Ad p 349) 
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Textron, Inc., 50 S Main, Providence 

R.I. ; 

Burkart, F. Mfg. Co., 4900 N 2nq 
St., St. Louis 7, Mo. 

Campbell, Wyant & Cannon Found. 
ry Co., Henry St., Muskegon 
Mich. 

Textron Metals Co., 39 James St. 
Girard, Ohio : 

Thalco, 765 S Harvard Bivd., Los 
Angeles, Calif. 

Thermafiow Chemical Corp., Box 115, 
Tunkhannock, Pa. 

Thermal American Fused Quartz Co. 
18 Salem St., Dover, N.J. 

Thermal Refractories Corp., 4501 Delj 
Ave., North Bergen, N.J. 

Thermo Materials, Inc., 4040 Camp- 
bell Ave., Menlo Park, Calif. 

Thinsheet Metals Co., 271-TR Rail- 
road Hill St., Waterbury 20, Conn. 

Thiokol Chemica! Corp., 780 N Clin- 
ton Ave., Trenton 7, N.J. 

Thombert, Inc., 316 E 7th St., N, 
Newton, Iowa 

Thompson and Co., 1085 Allegheny 
Ave., Oakmont, Pa. 

Thompson, H.I. Fiber Glass Co., 1733 
Cordova St., Los Angeles 7, Calif. 

Thompson Industries, Inc., Manhasset, 
N.Y. 

Thompson Pipe & Steel Co., 308 Lari- 
mer St., P.0. Box 2852, Denver 1, 
Colo. 

Thompson Products, Inc., 23555 Euc- 

lid Ave., Cleveland 17, Ohio 

Light Metals Div., 2269 Ashland 
Rd., Cleveland, Ohio 

Kolcast Industries Div., 16801 Eu- 
clid Ave., Cleveland 12, Ohio 

Valve Div., 1455 E 185th St., 
Cleveland 10, Ohio 

Thompson, K.W. Tool Co., 20 Dexton 
Ave., New Hyde Park, N.Y. 

Thompson Wire Co., 41 Mildred Ave., 
Boston 26, Mass. 

Thompson-Bremer & Co., 228 N La 
Salle St., Chicago 1, Ill. 

Thomson, Judson L. Mfg. Co., Sawyer 
Rd., Waltham, Mass. 

Thys Co., 6900 Folsom Blvd., Sacra- 
mento 19, Calif. 

Tiarco Corp., Box 766, Clark, N.J. 

Tickle, Arthur Engineering 
Works, Inc., (Ad p 290) 
21 Delevan St., Brooklyn 31, N.Y. 


Timber Products Co., P.0. Box 1032, 
Medford, Ore. 

Timken Roller Bearing Co., Steel & 
Tube Div., 1835 Dueber Ave., SW 
Canton 6, Ohio 

Tinnerman Products, Inc., Dept. 16, 
P.O. Box 6688, Cleveland 1, Ohio 

Titan Metal Mfg. Co., Bellefonte, Pa. 

Titanium Metals Corp. of America, 233 
Broadway, New York 7, N.Y. 

Titchener, E. H. & Co., 67 Clinton 
St., Binghamton, N.Y. 

Toepfer & Sons, Inc., 2925 W Hope 
Ave., Milwaukee 16, Wis. 

Toledo Industrial Rubber Co., 2242 
Smead Ave., Toledo 6, Ohio 

Toledo Stamping & Mfg. Co., 99 Fear- 
ing Bivd., Toledo 7, Ohio 

Tompkins Products, 1040 W Grand 
Bivd., Detroit 8, Mich. 

Tool & Mfg. Co., Inc., P.O. Box 
10344, Pittsburgh 34, Pa. 

Topeka Foundry & Iron Works Co., 
Inc., 300-324 Jackson St., Topeka, 
Kan. 

Torngren, C.W. Co., Inc., 236 Pearl 
St., Somerville 45, Mass. 

Torrington Co., 59 Field St., Torring- 
ton, Conn. 

Tousey Varnish Co., 520 W 25th St., 
Chicago 16, Ill. 

Tower Grove Foundry, 4438 Hunt Ave., 
St. Louis 10, Mo. 

Townsend Co., P.O. Box 237, New 
Brighton, Pa. 

Toyad Co., Plant Bivd., Latrobe, Pa. 

Trane Co., 206 Cameron Ave., La- 
Crosse, Wis. 


























































































Transue & Williams Steel Forging 
Corp., 562 W Ely St., Alliance, Ohio 

Trenton Brass Co., 621 Prospect St., 
Trenton, N.J. 

Triangle Conduit & Cable Co., Inc., 
6900 Jersey Ave., New Brunswick, 
N.J. 

Triangle Stamping Co., 5101 Carnegie 
Ave., Cleveland 3, Ohio 

Trigon Specialties Corp., 1005 S La- 
fayette Bivd., South Bend 18, Ind. 

Trim Alloys, Inc., 30-40 W 3rd St., 
Boston 27, Mass. 

Tri-Point Mfg. & Developing Co., 171 
I. U. Willets Rd., Alberton, L.I., 
N.Y. 

Trojan Steel Co., P.O. Box 2426, 
Charleston 29, W. Va. 

Troy Blanket Mills, 200 Madison Ave., 
New York, N.Y. 

Trucke Leather Co., Peabody, Mass. 

True Alloys, Inc., 284 S Summit St., 
Detroit 9, Mich. 

Tube Distributors Co., Inc., 1415 
Kellum Pl., Garden City, N.Y. 
Tube Methods, Inc., Depot & Rambo 

Sts., Bridgeport, Pa. 

Tube Reducing Corp., 520 Main Ave., 
Wallington, N.J. 

Tube Turns Plastics, Inc., 2929 
Magazine St., Louisville 11, Ky. 
Tubular Rivet & Stud Co., Weston 

Ave., Wollaston 70, Mass. 

Turco Products, Inc., 6135 S Cen- 
tral Ave., Los Angeles 1, Calif. 
Turner Halsey Co., 40 Worth St., New 

York 13, N.Y. 

Turner & Seymour Mfg. Co., Lawton 
St., Torrington, Conn. 

Twin City Die Castings Co., Talmage 
& 33rd Aves., SE, Minneapolis 14, 
Minn. 

Twitchell, E.W. Inc., 2806 N 3rd St., 
Philadelphia 33, Pa. 

Tyler, W.S. Co., 3615 Superior Ave., 
Cleveland 14, Ohio 


UBS Chemical Corp., 491 Main St., 
Cambridge 43, Mass. 

Udylite Corp., 1651 Grand Bivd., 
Detroit 11, Mich. 

Ulbrich Stainless Steels Corp., Old 
Colony Rd., Wallingford, Conn. 
Ullmann, Inc., 4305 N 127th St., 

Butler, Wis. 
Uniform Tubes, Inc., Level & School 
Rds., Collegeville 2, Pa. 

Union Asbestos & Rubber Co., 1111 
W Perry St., Bloomington, III. 
Union Carbide Corp., 30 E 42nd St., 

New York 17, N.Y. 
Bakelite Div., 30 E 42nd St., New 
York 17, N.Y. 


Electro Metallurgical Co., 
Div., (Ad p 134) 
535 5th Ave., New York 17, N.Y. 


Haynes Stellite Co. Div., 725 S$ 
Lindsay St., Kokomo, Ind. 


Linde Co. Div., (Ad p 400) 
30 E 42nd St., New York 17, N.Y. 


National Carbon Div., 30 E 42nd St. 
New York 17, N.Y. 
Silicones Div., 30 E 42nd St., New 
York 17, N.Y. 

Union Chemical Corp., 410 Freling- 
huysen Ave., Newark 5, N.J. 

Union Forging Co., 500 North St., 
Endicott, N.Y. 

Union Iron Works, P.0. Box 2135, 
Spokane, Wash. 

Union Paste Co., 1805 Hyde Park 
Ave., Hyde Park 36, Mass. 

Union Screw & Mfg. Co., Box 25, 
Imperial, Pa. 

Union Spring & Mfg. Co., 2nd Ave. & 
8th St., New Kensington, Pa. 

Union Steel Corp., Stanley Terrace, 
Union, N.J. 

Union Tank Car Co., 228 N LaSalle, 
Chicago, Ill. 








Unitcast Corp., (Ad p 330) 
Water Works Dr., Toledo 9, Ohio 

United Carbon Products Co., 1310 N 
Madison St., Bay City, Mich. 

United Cork Cos., 15 Central Ave., 
Kearney, N.J. 

United Forge Co., 277 Dubois, Detroit 
7, Mich. 

United International Research, Inc., 
38-15 30th St., Long Island City 1, 
N.Y. 

United Metal Products Corp., 8101 
Lyndon Ave., Detroit 38, Mich. 
United Rubber & Chemical Co., P.O. 
Box 1913, Charleston 27, W. Va. 
United Screw & Bolt Corp., 2513 W 
Cullerton Ave., Chicago 8, Ill. 
United Shoe Machinery Corp., 140 

Federal St., Boston 7, Mass. 

United Sintered Alloys, St. James, 
it, eee 

United Smelting & Aluminum Co., Inc., 
187 Commerce St., New Haven 9, 
Conn. 

U.S. Bronze Powder Works, Inc., Rt. 
No. 202, Flemington, N.J. 

U.S. Ceramic Tile Co., Sparta Mfg. 
Co., Dover, Ohio 

U.S. Challenge & Challenge Co., 1441 
N Kingsburg St., Chicago 22, III. 

U.S. Extrusions Corp., 120 Old Broad- 
way, Garden City Park, N.Y. 

U.S. Gasket & Shim Co., 2743 2nd 
St., Cuyahoga Falls, Ohio 

U.S. Gypsum Co., 300 W Adams St., 
Chicago 6, Ill. 

U.S. Magnesium Co., Pleasant Valley, 
N.Y 


U.S. Metal Products Co., P.O. Box 
1067, Erie, Pa. 
U.S. Mica Co., Inc., 1525 Circle 
Ave., Forest Park, III. 
U.S. Pipe and Foundry Co., 3300 Ist 
Ave. N, Birmingham 3, Ala. 
U.S. Plywood Corp., 55 W 44th St., 
New York 36, N.Y. 
U.S. Polymeric Chemicals, Inc. 
546, Stamford, Conn. 
U. S. Reduction Co., Chicago Ave. & 
Melville St., East Chicago, Ind. 
U. S. Rubber Co., 1230 Ave. of 
the Americas, New York 20, N.Y. 
Mechanical Goods Div., 4300 New 
Haven Ave., Fort Wayne, Ind. 
Naugatuck Chemical Div., Elm St., 
Naugatuck, Conn. 


Kem-Blo Dept. (Ad p 216) 
Naugatuck, Conn. 


U. S. Smelting, Refining & Mining 
Co., 62 William St., New York, 
N.Y. 


U. S. Steel Corp., (Ad p 77) 
525 William Penn Pl., Pittsburgh 
30, Pa. 


American Steel & Wire Div., Rocke- 
feller Bidg., Cleveland 13, Ohio 
Irvin Works, Dravosburg, Pa. 
National Tube Div., 525 William 
Penn Pl., Pittsburgh 30, Pa. 
Oil Well Supply Div., 2001 N 
Lamar St., Dallas 2, Tex. 

U. S. Stoneware Co., P.O. Box 350, 
Akron 9, Ohio 

U.S. Valve & Mfg. Co., 256 E Grand 
Ave., South San Francisco, Calif. 

United Wire & Supply Corp., 1497 
Elmwood Ave., Providence 7, R.I. 

United-Carr Fastener Corp., 31 Ames 
St., Cambridge 42, Mass. 

Unity Machine & Tool Corp., 2727 E 
Westmoreland St., Philadelphia 34, 
Pa. 

Universal Castings Corp., 5821 W 66th 
St., Chicago 38, III. 

Universal Converting Corp., 1125 
County St., New Bedford, Mass. 
Universal Unlimited, Inc., Pratt Oval, 

Glen Cove, N.Y. 
Universal-Cyclops Steel Corp., Bridge- 
ville, Pa. 
Empire-Reeves Steel Div., Bridge- 
ville, Pa. 
University of Tennessee, Dept of 


, Box 





Chemistry, University Sta., Knox- 
ville 16, Tenn. 
Uniworld Research Corp. of America, 
1302 Ontario, Cleveland 12, Ohio 
Urrite Plastics Fabricators, 4740-2 S 
Durfee Rd., Pico, Calif. 
Utica Drop Forge & Tool Co., 2409- 
15 Whitesboro St., Utica 4, N.Y. 
Utica General Jobbing Foundry, Inc., 
1801 Foundry St., Utica 3, N.Y. 
Utica Radiator Corp., Dwyer Ave., 
Utica, N.Y. 

Utility Mfg. Co., 2443 Boston Rd., 
North Wilbraham, Mass. 

Utility Steel Foundry, 3320 E Slauson, 
Vernon, Calif. 
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Valley Iron Works, 81 E Water St., 
St. Paul 7, Minn. 

Valley Steel Casting Co:, Foot of 11th 
St., Bay City, Mich. 

Valley-National Corp., Clark St., Mill- 
dale, Conn. 

Vanadium-Alloys Steel Co., Latrobe, 

Pa. 
Anchor Drawn Steel Co., Latrobe, 
Pa. 

Colonial Steel Div., Monaca, Pa. 

Vanamatic Co., 204 S Jefferson St., 
Delphos, Ohio 

Van der Horst Corp., Olean, N.Y. 

Van Huffell Tube Corp., Larchmont 
Ave., NE, Warren, Ohio 

Van Pelt Corp., Service Steel Div., 
Box 532, Detroit 32, Mich. 

Van Valkenburg, L.D. Co., Box 190, 
Holyoke, Mass. 


Vanadium Corp. of America, 
(Ad p 69) 
420 Lexington Ave., New York 17, 
N.Y. 


Vandersee Corp., 1414 Chestnut Ave., 
Hillside, N.J. 

Varcum Chemical Corp., P.O. Box 476, 
Niagara Falls, N.Y. 

Varflex Corp., 512 W Court St., 
Rome, N.Y. 
Variety Stamping Corp., 12695 Elm- 
wood Ave., Cleveland 11, Ohio 
Veeder-Root Inc., 70 Sargeant St., 
Hartford 2, Conn. 

Vellumoid Co., 54 Rockdale St., Wor- 
cester 6, Mass. 

Veremere, E.A. Inc., 11623 S Broad- 
way, Los Angeles 61, Calif. 

Victor Equipment Co., 844 Folsom 
St., San Francisco 7, Calif. 
Victor Mfg. & Gasket Co., 5750 W 
Roosevelt Rd., Chicago 50, Ill. 
Victor Steel Products Corp., 1175 
Leggett Ave., New York 59, N.Y. 
Victory Plastics Co., 81 Apsley St., 
Hudson, Mass. 

Viking Copper Tube Co., 16700 St. 
Clair Ave., Cleveland, Ohio 

Viking Pump Co., George & Wyth 
Sts., Cedar Falls 1, Iowa 

Viplax Products Corp., 408 E War- 
ren St., Beverly, N.J. 

Visking Corp., Fabrics Div., 1313 E 

8th St., North Little Rock, Ark. 
Plastics Div., P.O. Box 1410, Terre 
Haute, Ind. 

Vogt Mfg. Corp., 100 Fernwood Ave., 
Rochester, N.Y. 

Volco Brass & Copper Co., Childs Rd., 
Basking Ridge, N.J. 

Vollrath Co., Contract Div., 1236 N 
18th St., Sheboygan, Wis. 

Vulcan Foundry Co., Oakland, Calif. 

Vulcan Iron Works, 730 S Main St., 
Wilkes Barre, Pa. 

Vulcan Mfg. Co., 120 Sycamore St., 
Cincinnati 2, Ohio 

Vulcan Metal Products, Inc., 2801 6th 
Ave., S, Birmingham, Ala. 

Vulcan Rail & Construction Co., 59-30 
54th St., Maspeth, N.Y. 

Vulcanized Rubber & Plastics Co., 5 S 
Pennsylvania Ave., Morrisville, Pa. 
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W. F. Mfg. Co., 1509 Gardena Ave., 
Glendale 4, Calif. 

WLS Stamping Co., 3292 E 80th 
St., Cleveland 4, Ohio 

Wabash Metal Products Co., Inc., P.O. 
Box 305, Wabash, Ind. 

Wagner Malleable Iron Co., 1275 E 
Sangamon, Decatur, IIl. 

Wagner, E.R. Mfg. Co., 4611 N 32nd 
St., Milwaukee 9, Wis. 

Wagner Plastic Corp., Rte. 88, Lake- 
wood, N.J. 

Wagner Specialty Co., 647 Dodge St., 
Burlington, Wis. 

Wah Chang Corp., 233 Broadway, 
New York 7, N.Y. 

Waimet Alloys Co., (Ad p 
72) 

1999 Guoin St., Detroit 7, Mich. 

Wakefield Bearing Corp., 45 Foundry 
St., Wakefield, Mass. 

Waldes Kohinoor, Inc., 47-16 Austel 
Pl., Long Island City 1, N.Y. 
Walker Forge, Inc., 2000 17th St., 

Racine, Wis. 

Wall Colmonoy Corp., Stain- 
less Process Div., (Ad p 
402) 

19345 John R. St., Detroit 3, 
Mich. 

Wall, P. Mfg. Co., Erie St., Grove 
City, Pa. 

Wall Tube & Metal Product$ Co., 
P.0. Box 330, Newport, Tenn. 
Wallace Supplies Mfg. Co., Wallace 
Tube Co. Div., 1300 Diversey Pkwy., 

Chicago 14, Ill. 

Wallingford Steel Co., (Ad p 
352) 

80 Valley St., Wallingford, Conn. 

Wal-Mar Corp., 2800 Bernice Rd., 
Lansing, Ill. 

Walrod Machine Products, 5225 SE 
7th Ave., Portland 2, Ore. 

Walsen Consolidated Mercantile Co., 
2 Broadway, New York 4, N.Y. 
Waltham Foundry Co., 71 Felton St., 

Waltham 54, Mass. 

Ward, H.H. Co., 4th & Engle Sts., 
Chester, Pa. 

Warner Mfg. Corp., 265 Watsessing 
Ave., Bloomfield, N.J. 

Warren Belting Co., 33 Arctic St., 
Worcester 8, Mass. 

Warren Bros. Roads Co., 32 Potter 
St., Cambridge 42, Mass. 

Washburn Wire Co., Phillipsdale Div., 
Bourne Ave., Phillipsdale, R.I. 

Washington Iron Works, 1500 6th 
Ave., S, Seattle 4, Wash. 

Washington Mfg. Co., Inc., P.O. Box 
370, Washington, lowa 

Washington Steel Corp., 1001 Berger 
Bidg., Washington, Pa. 

Waterbury Buckle Co., 952 S Main 
St., Waterbury 20, Conn. 

Waterbury Cos., Inc., (Ad p 
327) 

P.0. Box 1032, Waterbury, Conn. 
Waterbury Pressed Metal Co., 300 
Chase Ave., Waterbury 14, Conn. 
Waterbury Rolling Mills, Inc., 

(ad p 129) 
Box 550, Waterbury 20, Conn. 

Waterman Industries, Inc., 515 S. G 
St., Exeter, Calif. 

Watertown Mfg. Co., Echo Lake Rd., 
Watertown, Conn. 

Watson-Standard Co., 225 Galveston 
Ave., Pittsburgh 12, Pa. 
Waukesha Foundry Co., (Ad 
p 350) 

Lincoln Ave.,Waukesha, Wis. 

Wayne Agricultural Works,  Inc., 
Goldsboro, N.C. 

Wayne Chemical Products Co., 9470 
Copland Ave., Detroit 17, Mich. 
Wayne Foundry & Stamping Co., 3100 
Hubbard St., Detroit 10, Mich. 
Weatherhead Co., 128 W Washington 

Bivd., Fort Wayne 1, Ind. 






































Weber-Knapp Co., 441 Chandler St., 
Jamestown, N.Y. 

Webster Mfg., Inc., 1100 W Davis 
St., Tiffin, Ohio 
Weckesser Co., 5713 Northwest Hwy., 
Chicago 30, Ill. 

Wedler Bros., Inc., 1535 E 38th St., 
Cleveland 14, Ohio 
Weiskittel, Harry C. Co., Inc., 4901 
Pulaski Hwy., Baltimore 24, Md. 
Welding Apparatus Co., 2750 W Van 
Buren St., Chicago 12, Ill. 
Wellington Sears Co., 65 Worth St., 
New York 13, N.Y. 

Wellman, S.K. Co., 20 Egbert Rd., 
Bedford, Ohio 
Wellman Bronze and Aluminum Co., 
12800 Shaker Bivd., Cleveland 20, 
Ohio 

Wellman Engineering Co., 7004 Central 
Ave., Cleveland 4, Ohio 
Wells, A.H. & Co., Inc., 100 E 
Aurora St., Waterbury, Conn. 

Wellsville Fire Brick Co., Wellsville, 
Mo. 

Werner, R.D. Co., Inc., (Ad 
Pp 346) 

295 5th Ave., New York 16, N.Y. 

Werner Foundry & Machine Co., 8th 
St. & Reading R.R., Lansdale, Pa. 

Wesbar Stamping Corp., West Bend, 
Wis. 

Wesco Spring Co., 4501 S Knox Ave., 
Chicago 32, Ill. 

Wessels Co., 1625 E Euclid Ave., 
Detroit 11, Mich. 

West Haven Foundry Co., 27 Kimberly 
Ave., West Haven, Conn. 

West Irving Die Casting Co., 240 S 
Evergreen St., Bensenville, III. 
West Steel Casting Co., 1679 Collamer 

Rd., Cleveland 10, Ohio 

West Virginia Malleable Iron Co., 
Point Pleasant, W. Va. 

Western Automatic Machine Screw 
Co., 377 Woodland Ave., Elyria, 
Ohio 

Western Coating Co., Box 598, Oak- 
ridge Sta., Royal Oak 3, Mich. 

Western Felt Works, (Ad p 
249) 

4115 W Ogden Ave., Chicago 23, 
Ill. 

Western Foundry & Machine Works, 
Inc., 201 Jefferson St., Topeka, Kan. 

Western Gold & Platinum Co., 525 
Harbor Bivd., Belmont, Calif. 

Western Iron & Foundry Co., Inc., 
702 E 2nd St., Wichita 2, Kan. 

Western Machine Co., 180 W Holt 
Ave., Milwaukee 7, Wis. 

Western Plastics Corp., 1515 W 2nd 
St., Hastings, Neb. 

Western Plastics Corp., 3110 Ruston 
Way, Tacoma 2, Wash. 

Western Tool & Die Works, 421 NW 
3rd Ave., Portland 9, Ore. 





Addresses of Suppliers 


Westinghouse Electric Corp., 101 
Liberty Ave., Gateway Center, 
Pittsburgh, Pa. 

Materials Mfg. Dept., Blairsville, 
Pa. 
Micarta Div., Hampton, S.C. 

Westlake Plastics Co., 145 W Lenni 
Rd., Lenni Mills, Pa. 

Westland Die Casting, Inc., 4617 
Sperry St., Los Angeles 39, Calif. 

Westlectric Castings, Inc., 2040 S 
Camfield Ave., Los Angeles 22, Calif. 

Westmoreland Malleable Iron Co., 
Westmoreland, N.Y. 

Weyerhaeuser Sales Co., Special Prod- 
ucts Div., Tacoma Bldg., Tacoma 1, 
Wash. 

Wheatland Tube Co., Bankers Securi- 
ties Bidg., Philadelphia 7, Pa. 
Wheaton Die Casting Corp., N 10th 

St., Millville, N.J. 

Wheeling Steel Corp., 1134-40 Mar- 
ket St., Wheeling, W. Va. 

Wheelock, Lovejoy & Co., Inc., 128 
Sidney St., Cambridge 39, Mass. 

Whitaker Metals Corp., 1301 Burling- 
ton St., North Kansas City 16, Mo. 

White Metal Rolling & Stamping 
Corp., 80 Moultrie St., Brooklyn 
22, N.Y. 

White Sewing Machine Corp., Apex 
Reinforced Plastics Div., Elm & 
Washington Sts., Cleveland 13, Ohio 

Whitehead Metal Products Co., Inc., 
303 W 10th St., New York 14, 
N.Y. 

Whitfield Chemical Co., 14225 
Schaefer Hwy., Detroit 27, Mich. 
Whitso, Inc., 9330 Byron St., Schiller 

Park, Ill. 

Whyte, Oliver Co., Inc., 115 4th Ave., 
New York 3, N.Y. 

Wickes Corp., U. S. Graphite Co. Div., 
Saginaw, Mich. 

Wickwire Bros., Inc., 189 Main St., 
Cortland, N.Y. 

Wilcox Forging Corp., Chestnut & 
Allen Sts., Mechanicsburg, Pa. 
Wildberg Bros. Smelting & Refining 
Co., 742 Market St., San Francisco 

2, Calif. 

Wilde Drop Forge & Tool Co., Inc., 
2938 Fairmount Ave., Kansas City 
8, Mo. 

Wilde Tool Co., Inc., 13th & Pot- 
tawatomie St., Hiawatha, Kan. 
Wilder Mfg. Co., Inc., 1143 Terven 

Ave., Salinas, Calif. 

Willamette Iron and Steel Co., 2800 
NW Front Ave., Portland 10, Ore. 

Williams, A.C. Co., Ravenna, Ohio 

Williams, F.B. Co., 507 E Pershing 
Rd., Chicago, Ill. 

Williams, J.H. & Co., 400 Vulcan 
St., Buffalo 7, N.Y. 

Williams Gold Refining Co., Inc., 
2978 Main St., Buffalo 14, N.Y. 





Williams, H.E. Products Co., 106 S 
Main St., Carthage, Mo. 

Williams, E.A. & Son, 325 Washing- 
ton Ave., Carlstadt, N.J. 

Williams-Bowman Rubber Co., 1949 S 
54th Ave., Cicero 60, Ill. 

Williamson Adhesives, Inc., 8220 Kim- 
ball Ave., Skokie, Ill. 

Wilmington Fibre Specialty Co., New 
Castle, Del. 

Wilson, H.A. Co., 2665 U. S. Route 
22, Union, N.J. 

Wilson Steel & Wire Co., 4840 S 
Western Ave., Chicago 9, Ill. 

Wilson-Hurd Mfg. Co., Inc., Lines St., 
Wausau, Wis. 

Winner Mfg. Co., Inc., P.O. Box 390, 
Trenton 3, N.J. 

Winsorth Co., Inc., 43 Oak St., Dela- 
wanna, N.J. 

Winters Foundry & Machine Co., Inc., 
4123 Mahoning Rd., Canton 5, Ohio 

Wire and Iron Products, Inc., 1725 
16th St., Detroit 16, Mich. 

Wirth, Carl & Son, Inc., 1625 Clin- 
ton Ave. N, Rochester 17, N.Y. 

Wirz, A.H. Inc., 4th & Townsend Sts., 
Chester, Pa. 

Wisconsin Aluminum Foundry Co., Inc., 
Manitowoc, Wis. 

Wisconsin Centrifugal Foundry, Inc., 
905 E St. Paul Ave., Waukesha, 
Wis. 

Wisconsin Gasket & Mfg. Co., Gran- 
ville, Wis. 

Wisconsin Tool & Stamping Co., 9521 
W Ainslie St., Schiller Park, Ili. 

Witco Chemical Co., 75 E Wacker 
Dr., Chicago 1, IIl. 

Witt Cornice Co., Galvanizing Div., 
4454 Steel Pl., Cincinnati 9, Ohio 

Wittman, Lawrence & Co., 40 Brook- 
lyn Ave., Massapequa, N.Y. 

Wollaston Foundry Corp., 24 Holl- 
brook Rd., Quincy 71, Mass. 

Wood, John Co., 4435 S Western 
Ave., Chicago, Iil. 

Wood, John Co., 509 Front Ave., St. 
Paul 3, Minn. 

Wood Conversion Co., Ist National 
Bank Bldg., St. Paul 1, Minn. 
Woodall Industries, Inc., 7655 E 
McNichols Rd., Detroit 34, Mich. 
Woodruff & Edwards, Inc., 119 N 

State St., Elgin, Ill. 

Woolf Aircraft & Products, Inc., 3441 
Filbert St., Wayne, Mich. 

Worcester Pressed Steel Co., 100 
Barber Ave., Worcester 6, Mass. 

Worcester Stamped Metal Co., 9 Hunt 
St., Worcester, Mass. 

World Plastex, 1685 Boone Ave., New 
York 60, N.Y. 

World Plastics, 1685 Boone Ave., New 
York 60, N.Y. 

Worth Co., Briggs & Union St., 
Stevens Point, Wis. 
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Worthington Corp., 401 Worthington 
Ave., Harrison, N.J. 

Wright, Albert, Screw Machine Prod. 
ucts, 4032 Hollis St., Oakland 8 
Calif. 

Wright, G.F. Steel & Wire Co., 243 
Stafford St., Worcester 3, Mass. 

Wuest Bros., Inc., 924-936 W Hil! 
St., Louisville 8, Ky. 

Wyatt Metal & Boiler Works, Inc. 
P.O. Box 3032, Houston 1, Tex.” 

Wyatt’s Plastics, Inc., 5928 Katy 
St., P.0. Box 3052, Houston 1, 
Tex. 

Wycoff Steel Co., Box 1256, Pitts. 
burgh 30, Pa. 

Wyman-Gordon Co., 105 Madison St. 
Worcester 1, Mass. . 


x 


Xylos Rubber Co., 1300 Emerling 
Ave., Akron, Ohio 


y 


Yale & Towne Mfg. Co., Powdered 
Metal Products Div., 9335 W. Bel- 
mont Ave., Franklin Park, Ill. 

Yardley Plastics Co., 142 Parsons 
Ave., Columbus, Ohio 

York Castings, Inc., 32 Latta Rd., 
Rochester 12, N.Y. 

Young & Greenawalt, 5016 Hohman 
Ave., Hammond, Ind. 

Youngstown Mfg., Inc., 66-76 S Pros- 
pect St., Youngstown, Ohio 

Youngstown Sheet & Tube Co., Youngs- 

town 1, Ohio 
Fibercast Div., P.O. Box 727, Sand 
Springs, Okla. 

Youngstown Welding & Engineering 
Co., 3800 Oakwood Ave., Youngs- 
town 9, Ohio 


Z & H Mfg. Co., 31 Welcher Ave., 
Peekskill, N.Y. 

Zeller Corp., Ft. Wayne Rd., Defiance, 
Ohio 

Zeliner Foundry Co., 2088 Scranton 
Rd., Cleveland 13, Ohio 

Zenith Foundry Co., (Ad p 
362) 
1501 S 83rd St., West Allis 14, 
Wis. 

Zenith Plastics Co., 1600 W 135th 
St., Gardena, Calif. 

Zirconium Corp. of America, 31501 
Solon Rd., Solon, Ohio 

Ziv Steel & Wire Co., 2945 W Har- 
rison St., Chicago 12, Ill. 

Zolatone Process, Inc., 3411 E 15th 
St., Los Angeles 23, Calif. 

Zophar Mills, Inc., 112 26th St., 
Brooklyn 32, N.Y 





